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(57)Abstract: 

PROBLEM TO BE SOLVED: To make it possible to occasionally correct 
the residual aberrations of projection optical systems in the mounted state 
of these systems by providing the projection aligner with optical members 
for correcting residual distortions, astigmatisms and coma aberrations. 
SOLUTION: An illumination optical device IS evenly illuminates a reticle R 
under Koehler illumination. The pattern images of the reticle R formed by 
the Koehler illumination are exposed onto a water W by the projection 
optical system PL. The projection optical system PL is provided with the 
first optical member VD for correcting the residual distortions, the section 
optical member VA for correcting the residual astigmatisms and the third 
optical member VC for correcting the residual coma aberrations. These 
first, second and third optical members VD, VA, VC respectively comprise 
prescribed lenses movable along the plane orthogonal with the optical axis. 
As a result, the high-accuracy projection exposure may be executed 
always via the high-performance projection optical system. The production 
of good semiconductor devices is thus made possible. 
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♦NOTICES* 

Japan Patent Office is not r sponsible for any 
damages caused by the use of this translation. 

1 .This document has been translated by computer. So the translation may not reflect the original precisely. 
2 . * * * * shows the word which can not be translated. 
3 .In the drawings, any words are not translated. 


CLAIMS 


[Claim(s)] 

[Claim 1] An illumination-light study system for illuminating the 1 st body Projection optics for projecting an image of 
said 1st body illuminated by this illumination-light study system on the 2nd body It is the projection aligner equipped 
with the above. Said projection optics The 1st lens group which has positive refractive power sequentially from said 1st 
body side, and the 2nd lens group which has negative refractive power, It has the 3rd lens group which has positive 
refractive power, the 4th lens group which has negative refractive power, the 5th lens group which has positive . 
refractive power, and the 6th lens group which has positive refractive power. Said projection optics The 1st optical 
member for amending distortion which consists of at least one movable lens along a field which intersects 
perpendicularly with an optical axis of said projection optics, and remains in said projection optics, The 2nd optical 
member for amending astigmatism which consists of at least one movable lens along a field which intersects 
perpendicularly with said optical axis, and remains in said projection optics, It has the 3rd optical member for amending 
comatic aberration which consists of at least one movable lens along a field which intersects perpendicularly with said 
optical axis, and remains in said projection optics. Said 1st optical member consists of at least one lens in said 1st lens 
group. Said 2nd optical member It is characterized by consisting of at least one lens in lens groups other than said 1st 
lens group, and said 3rd optical member consisting of at least one lens in lens groups other than said 1st lens group. 
[Claim 2] It is a focal distance of said 1st lens group fl It carries out and is a focal distance of said 2nd lens group £2 It 
carries out. It is a focal distance of said 3rd lens group f3 It carries out and is a focal distance of said 4th lens group f4 It 
carries out and is a focal distance of said 5th lens group f5 It carries out and is a focal distance of said 6th lens group f6 
When carrying out and setting shaft top distance from said 1 st body to said 2nd body to L, fl / L< 0.8 (1 ) 
-0.033<f2 /L (2) 
0.01<f3/L<1.0(3) 
f4 /L<-0.005 (4) 
0.01<f5 /L<0.9 (5) 
0.02<f6/L<1.6(6) 

A projection aligner according to claim 1 characterized by satisfying ******. 

[Claim 3] A projection aligner according to claim 1 or 2 characterized by having at least the 2nd lens and the 3rd lens 
which has negative refractive power characterized by providing the following Said 2nd lens group is the front lens of 
negative refractive power which has been arranged most at the 1st body side and turned a concave surface to said 2nd 
body side. A back lens of a negative meniscus configuration where it has been arranged most at the 2nd body side, and a 
concave surface was turned to said 1 st body side It is the 1 st lens with which it has a middle lens group arranged 
between said front lenses and said back lenses, and said middle lens group has positive refractive power sequentially 
from said 1st body side. Negative refractive power 

[Claim 4] It is 1.0<I/L, when setting shaft top distance from said 1st body to the 1st body side focus of said whole 

projection optics to I and setting shaft top distance from said 1 st body to said 2nd body to L. (7) 

A projection aligner given in claim 1 characterized by satisfying ****** thru/or any 1 term of 3. 

[Claim 5] It is r2Ff about radius of curvature of a field by the side of the 1st body of said front lens in said 2nd lens 

group. It carries out and is r2Fr about radius of curvature of a field by the side of the 2nd body of said front lens. When 

carrying out 1.00 <=(r2Ff-r2Fr)/(r2Ff+r2Fr) <5.0 (8) , 

A projection aligner given in claim 1 characterized by satisfying ****** thru/or any 1 term of 4. 

[Claim 6] When setting an axial sky mind gap between said 5th lens groups and said 6th lens groups to d56 and setting 

shaft top distance from said 1st body to said 2nd body to L, it is d56 / L< 0.017. (9) 

A projection aligner given in claim 1 characterized by satisfying ****** thru/or any 1 term of 5. 

[Claim 7] said 6th lens group - most ~ radius of curvature of a lens side by the side of the 1st body - r6F - carrying 
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out - the 6th lens group - most - shaft top distance from a lens side by the side of the 1st body to the 2nd body - d6 ** 
~>a time of carrying out - 0.50 < -- d6/r6F<1.50 (10) 

A projection aligner given in claim 1 characterized by satisfying ****** thru/or any 1 term of 6. 

[Claim 8] When setting a focal distance of said front lens in said 2nd lens group to £2F and setting a focal distance of 

said back lens in said 2nd lens group to f2R, it is 0 <=f2 F/f2R<18. (11) 

A projection aligner given in claim 1 characterized by satisfying ****** thru/or any 1 term of 7. 

[Claim 9] A projection aligner given in claim 1 thru/or any 1 term of 8 characterized by providing the following Said 1st 

lens group has at least two positive lenses, said 3rd lens group has at least three positive lenses, said 4th lens group has 

at least three negative lenses, and said 5th lens groups are at least five positive lenses. Having at least one negative lens, 

said 6th lens group is at least one positive lens. 

[Claim 10] [ when a paraxial ray which carried out incidence to said projection optics with a tilt angle alpha from an 
axial choice-goods point of said 1st body carries out incidence to said 2nd body by tilt-angle alpha' ] When setting to 
alphai a tilt angle of said paraxial ray which carries out incidence to a field by the side of said 1 st body in each lens 
which constitutes said projection optics and setting to alphae a tilt angle of said paraxial ray injected from a field by the 
side of said 2nd body in each lens which constitutes said projection optics, tilt-angle coefficient alpha l^alphai/alpha* by 
the side of incidence of a lens which constitutes said 1st optical member, or tilt-angle coefficient alpha2=alpha e/alpha' 
by the side of injection ~ (12) <BR> |alphal|<=0.3 or ~ |alpha2|<=0.3 It is ho about the incidence high when carrying 
out incidence to each lens with which the periphery flux of light which has the maximum numerical aperture from an 
axial choice-goods point of said 1st body constitutes said projection optics, while satisfying ******. It carries out. It is 
hp about the incidence high when carrying out incidence to each lens with which the periphery flux of light which has 
the maximum numerical aperture from a maximum body high point of said 1st body constitutes said projection optics. 
When carrying out and setting to phi the maximum effective diameter of each lens which constitutes said projection 
optics, a lens which constitutes said 1 st optical member hp >=phi/4 (13) 
ho <=phi/4 (14) 

A projection aligner given in claim 1 characterized by satisfying ****** thru/or any 1 term of 9. 
[Claim 1 1] [ when a paraxial ray which carried out incidence to said projection optics with a tilt angle alpha from an 
axial choice-goods point of said 1 st body carries out incidence to said 2nd body by tilt-angle alpha 1 ] When setting to 
alphai a tilt angle of said paraxial ray which carries out incidence to a field by the side of said 1st body in each lens 
which constitutes said projection optics and setting to alphae a tilt angle of said paraxial ray injected from a field by the 
side of said 2nd body in each lens which constitutes said projection optics, tilt-angle coefficient alphai =alphai/alpha t by 
the side of incidence of a lens which constitutes said 2nd optical member, or tilt-angle coefficient alpha2=alpha e/alpha ? 
by the side of injection - (15) <BR> 0.6<|alphal| or - 0.6<|alpha2| A projection aligner given in claim 1 characterized 
by satisfying ****** thru/or any 1 term of 10. 

[Claim 12] [ when a paraxial ray which carried out incidence to said projection optics with a tilt angle alpha from an 
axial choice-goods point of said 1st body carries out incidence to said 2nd body by tilt-angle alpha 1 ] When setting to 
alphai a tilt angle of said paraxial ray which carries out incidence to a field by the side of said 1st body in each lens 
which constitutes said projection optics and setting to alphae a tilt angle of said paraxial ray injected from a field by the 
side of said 2nd body in each lens which constitutes said projection optics, tilt-angle coefficient alpha l=alphai/alpha f by 
the side of incidence of a lens which constitutes said 3rd optical member, or tilt-angle coefficient alpha2=alpha e/alpha f 
by the side of injection 0<|alphal|<=0.6 or - 0<|alpha2|<=0.6 (16) 

A projection aligner given in claim 1 characterized by satisfying ****** thru/or any 1 term of 1 1 . 
[Claim 13] Projection characterized by providing the following An illumination-light study system for illuminating the 
1 st body In a projection optics aligner which has two or more lenses in order to project an image of said 1 st body 
illuminated by this illumination-light study system on the 2nd body said projection optics It has an optical member for 
amending distortion which consists of at least one movable lens along a field which intersects perpendicularly with an 
optical axis of said projection optics, and remains in said projection optics. [ when a paraxial ray which carried out 
incidence to said projection optics with a tilt angle alpha from an axial choice-goods point of said 1st body carries out 
incidence to said 2nd body by tilt-angle alpha 1 ] When setting to alphai a tilt angle of said paraxial ray which carries out 
incidence to a field by the side of said 1st body in each lens which constitutes said projection optics and setting to 
alphae a tilt angle of said paraxial ray injected from a field by the side of said 2nd body in each lens which constitutes 
said projection optics, tilt-angle coefficient alphai =alphai/alpha f by the side of incidence of a lens which constitutes said 
optical member, or tilt-angle coefficient alpha2=alpha e/alpha* by the side of injection |alphal|<=0.3 or - |alpha2|<=0.3 

02) 

It is ho about the incidence high when carrying out incidence to each lens with which the periphery flux of light which 
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has the maximum numerical aperture from an axial choice-goods point of said 1 st body constitutes said projection 
ogtics, while satisfying ******. It carries out. It is hp about the incidence high when carrying out incidence to each lens 
with which the periphery flux of light which has the maximum numerical aperture from a maximum body high point of 
said 1st body constitutes said projection optics. When carrying out and setting to phi the maximum effective diameter of 
each lens which constitutes said projection optics, a lens which constitutes said optical member hp >=phi/4 (13) 
ho <=phi/4(14) 

A projection aligner characterized by satisfying ******. 

[Claim 14] In a projection aligner characterized by providing the following said projection optics It has an optical 
member for amending astigmatism which consists of at least one movable lens along a field which intersects 
perpendicularly with an optical axis, and remains in said projection optics. [ when a paraxial ray which carried out 
incidence to said projection optics with a tilt angle alpha from an axial choice-goods point of said 1st body carries out 
incidence to said 2nd body by tilt-angle alpha* ] When setting to alphai a tilt angle of said paraxial ray which carries out 
incidence to a field by the side of said 1st body in each lens which constitutes said projection optics and setting to 
alphae a tilt angle of said paraxial ray injected from a field by the side of said 2nd body in each lens which . constitutes 
said projection optics, Tilt-angle coefficient alpha l=alphai/alpha' by the side of incidence of a lens which constitutes 
said optical member, or tilt-angle coefficient alpha2=alpha e/alpha' by the side of injection, An illumination-light study 
system for illuminating the 1st body ************ j ****************** w hj c h has two or more lenses in order to 
project an image of said 1 st body illuminated by this illumination-light study system on the 2nd body . ** I 
************ a double ** machine 
A projection aligner characterized by satisfying ******. 

[Claim 15] In a projection aligner characterized by providing the following said projection optics It has an optical 
member for amending comatic aberration which consists of at least one movable lens along a field which intersects 
perpendicularly with an optical axis, and remains in said projection optics. [ when a paraxial ray which carried out 
incidence to said projection optics with a tilt angle alpha from an axial choice-goods point of said 1st body carries out 
incidence to said 2nd body by tilt-angle alpha 1 ] When setting to alphai a tilt angle of said paraxial ray which carries out 
incidence to a field by the side of said 1st body in each lens which constitutes said projection optics and setting to 
alphae a tilt angle of said paraxial ray injected from a field by the side of said 2nd body in each lens which constitutes 
said projection optics, Tilt-angle coefficient alpha l=alphai/alpha' by the side of incidence of a lens which constitutes 
said optical member, or tilt-angle coefficient alpha2=alpha e/alpha f by the side of injection, An illumination-light study 
system for illuminating the 1st body Projection optics **************** I ** which has two or more lenses in order to 
project an image of said 1 st body illuminated by this illumination-light study system on the 2nd body ******. 
**************** j ** Dcmble **************** a projection aligner characterized by satisfying ******. 
[Claim 16] A manufacture method of a semiconductor device characterized by including a production process which 
exposes a predetermined pattern formed on a reticle to a photosensitive substrate using a projection aligner given in 
claim 1 thru/or any 1 term of 15. 

[Translation done.] 
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DETAILED DESCRIPTION 


[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] This invention relates to the aberration amendment in the projection 
aligner for semiconductor manufacture especially about the manufacture method of a semiconductor device of having 
used the projection aligner and this projection aligner. 
[0002] 

[Description of the Prior Art] For example, in the projection aligner used for manufacture of a semiconductor device, 
the engine performance demanded from projection optics is still severer along with detailed-izing of the pattern of an 
integrated circuit. And. the lens number of sheets which constitutes projection optics increased, and the configuration is 
increasingly complicated as a military requirement becomes severe: 
[0003] 

[Problem(s) to be Solved by the Invention] In order to demonstrate desired high performance in the complicated 
projection optics of a configuration as mentioned above, it is necessary to make high each manufacture precision and 
assembly precision of lens components which constitute projection optics. However, even if it makes high each 
manufacture precision and assembly precision of lens components, especially in the projection optics carried in the 
projection aligner, many aberration, such as comatic aberration, astigmatism, and distortion, will remain. 
[0004] This invention is made in view of the above-mentioned technical problem, and even if it originates in a 
manufacture error, an assembly error, etc. and many aberration, such as comatic aberration, astigmatism, and distortion, 
remains in projection optics, it aims at offering the manufacture method of the semiconductor device using the 
projection aligner and this projection aligner which can amend these residual aberrations at any time where projection 
optics is carried. 
[0005] 

[Means for Solving the Problem] In order to solve said technical problem, it sets to the 1st invention of this invention. In 
a projection aligner equipped with an illumination-light study system for illuminating the 1st body, and projection optics 
for projecting an image of said 1st body illuminated by this illumination-light study system on the 2nd body The 1st lens 
group in which said projection optics has positive refractive power sequentially from said 1st body side, The 2nd lens 
group which has negative refractive power, and the 3rd lens group which has positive refractive power, It has the 4th 
lens group which has negative refractive power, the 5th lens group which has positive refractive power, and the 6th lens 
group which has positive refractive power. Said projection optics The 1st optical member as the 1st amendment member 
for amending distortion which consists of at least one movable lens along a field which intersects perpendicularly with 
an optical axis of said projection optics, and remains in said projection optics, The 2nd optical member as the 2nd 
amendment member for amending astigmatism which consists of at least one movable lens along a field which 
intersects perpendicularly with said optical axis, and remains in said projection optics, It has the 3rd optical member as 
the 3rd amendment member for amending comatic aberration which consists of at least one movable lens along a field 
which intersects perpendicularly with said optical axis, and remains in said projection optics. Said 1st optical member 
consists of at least one lens in said 1 st lens group. Said 2nd optical member It consists of at least one lens in lens groups 
other than said 1st lens group, and a projection aligner characterized by said 3rd optical member consisting of at least 
one lens in lens groups other than said 1 st lens group is offered. 

[0006] According to the desirable mode of the 1st invention, it is a focal distance of said 1st lens group fl It carries out. 
It is a focal distance of said 2nd lens group f2 It carries out and is a focal distance of said 3rd lens group f3 It carries out. 
It is a focal distance of said 4th lens group f4 It carries out and is a focal distance of said 5th lens group f5 It carries out 
and is a focal distance of said 6th lens group f6 When carrying out and setting shaft top distance from said 1st body to 
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said 2nd body to L, it is fl / L< 0.8. (1) 

-0.033<f2 /L (2) 

O.OKfi /L<1.0 (3) 

f4 /L<-0.005 (4) 

O.OKfS /L<0.9 (5) . 

0.02<f6/L<1.6(6) 

****** is satisfied. 

[0007] According to the desirable mode of the 1st invention, moreover, said 2nd lens group A front lens of negative 
refractive power which has been arranged most at the 1st body side and turned a concave surface to said 2nd body side, 
A back lens of a negative meniscus configuration where it has been arranged most at the 2nd body side, and a concave 
surface was turned to said 1st body side, Having a middle lens group arranged between said front lenses and said back 
lenses, said middle lens group has at least the 1st lens which has positive refractive power, the 2nd lens which has 
negative refractive power* and the 3rd lens which has negative refractive power sequentially from said 1st body side. 
Furthermore, it is 1 .0<I/L, when setting shaft top distance from said 1 st body to the 1 st body side focus of said whole 
projection optics to I and setting shaft top distance from said 1 st body to said 2nd body to L. (7) 
It is desirable to satisfy ******. 

[0008] In a projection aligner equipped with projection optics which has two or more lenses in order to project an image 
of said 1st body illuminated by an illumination-light study system for illuminating the 1st body, and this illumination- 
light study system in the 2nd invention of this invention on the 2nd body It has an optical member as an amendment 
member for distortion amendment for amending distortion which said projection optics consists of at least one movable 
lens along a field which intersects perpendicularly with an optical axis of said projection optics, and remains in said 
projection optics. [ when a paraxial ray which carried out incidence to said projection optics with the tilt angle alpha 
from an axial choice-goods point of said 1 st body carries out incidence to said 2nd body by tilt-angle alpha' ] When 
setting to alphai a tilt angle of said paraxial ray which carries out incidence to a field by the side of said 1st body in each 
lens which constitutes said projection optics and setting to alphae a tilt angle of said paraxial ray injected from a field by 
the side of said 2nd body in each lens which constitutes said projection optics, tilt-angle coefficient alpha2=alpha 
e/alpha by the side of tilt-angle coefficient alphai =alphai/alpha ! by the side of incidence of a lens which constitutes an 
optical member for said distortion amendment, or injection - 1 - (alphai |<=0.3 or - |alpha2|<=0.3 (12) 
It is ho about the incidence high when carrying out incidence to each lens with which the periphery flux of light which 
has the maximum numerical aperture from an axial choice-goods point of said 1 st body constitutes said projection 
optics, while satisfying ******. It carries out. It is hp about the incidence high when carrying out incidence to each lens 
with which the periphery flux of light which has the maximum numerical aperture from a maximum body high point of 
said 1st body constitutes said projection optics. When carrying out and setting to phi the maximum effective diameter of 
each lens which constitutes said projection optics, A lens which constitutes an optical member for said distortion 
amendment is hp >=phi/4. (13) 
ho<=phi/4(14) 

A projection aligner characterized by satisfying ****** is offered. 

[0009] In a projection aligner equipped with projection optics which has two or more lenses in order to project an image 
of said 1st body illuminated by an illumination-light study system for illuminating the 1st body, and this illumination- 
light study system in the 3rd invention of this invention on the 2nd body It has an optical member as an amendment 
member for astigmatism correction for amending astigmatism which said projection optics consists of at least one 
movable lens along a field which intersects perpendicularly with an optical axis, and remains in said projection optics. 
[ when a paraxial ray which carried out incidence to said projection optics with the tilt angle alpha from an axial choice- 
goods point of said 1st body carries out incidence to said 2nd body by tilt-angle alpha 1 ] Whien setting to alphai a tilt 
angle of said paraxial ray which carries out incidence to a field by the side of said 1st body in each lens which 
constitutes said projection optics and setting to alphae a tilt angle of said paraxial ray injected from a field by the side of 
said 2nd body in each lens which constitutes said projection optics, tilt-angle coefficient alpha2=alpha e/alpha by the 
side of tilt-angle coefficient alphai =alphai/alpha f by the side of incidence of a lens which constitutes an optical member 
for said astigmatism correction, or injection - ' - 0.6<|alphal | or - 0.6<|alpha2| (15) 
A projection aligner characterized by satisfying ****** is offered. 

[0010] In a projection aligner equipped with projection optics which has two or more lenses in order to project an image 
of said 1st body illuminated by an illumination-light study system for illuminating the 1st body, and this illumination- 
light study system in the 4th invention of this invention on the 2nd body It has an optical member as an amendment 
member for comatic-aberration amendment for amending comatic aberration which said projection optics consists of at 
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least one movable lens along a field which intersects perpendicularly with an optical axis, and remains in said projection 
optics. [ when a paraxial ray which carried out incidence to said projection optics with the tilt angle alpha from an axial 
choice-goods point of said 1st body carries out incidence to said 2nd body by tilt-angle alpha* ] When setting to alphai a 
tilt angle of said paraxial ray which carries out incidence to a field by the side of said 1st body in each lens which 
constitutes said projection optics and setting to alphae a tilt angle of said paraxial ray injected from a field by the side of 
said 2nd body in each lens which constitutes said projection optics, tilt-angle coefficient alpha2=alpha e/alpha by the 
side of tilt-angle coefficient alpha l^alphai/alpha' by the side of incidence of a lens which constitutes an optical member 
for said comatic-aberration amendment, or injection ~ ' - 0<|alphal|<=0.6 or - 0<|alpha2|<=0.6 (16) 
A projection aligner characterized by satisfying ****** is offered. 

[001 1] Moreover, a manufacture method of a semiconductor device characterized by this invention including a 
production process which exposes a predetermined pattern formed on a reticle to a photosensitive substrate using a 
projection aligner of the above invention [ 1st ] thru/or the 4th invention either is offered. 
[0012] 

[Embodiment of the Invention] The projection optics of this invention is equipped with the list lens group which has 
positive refractive power, the 2nd lens group which has negative refractive power, the 3rd lens group which has positive 
refractive power, the 4th lens group which has negative refractive power, the 5th lens group which has positive 
refractive power, and the 6th lens group which has positive refractive power sequentially from the 1st body side. The 1st 
lens group which has positive refractive power has mainly contributed to amendment of distortion, maintaining tele cent 
rucksack nature. A positive distortion was generated in the 1st lens group, and, specifically, a negative distortion 
generated in two or more lens groups arranged rather than the 1st lens group at the 2nd body side is amended with 
sufficient balance. The 4th lens group which has the 2nd lens group and the negative refractive power which have 
negative refractive power mainly contributes to amendment of the PETTSU bar sum, and its flattening of the image 
surface is in drawing. The 2nd lens group which has negative refractive power, and the 3rd lens group which has 
positive refractive power form the reverse looking-far system, and has contributed to reservation of the back focus (most 
shaft top distance [ Projection optics ] from the lens side by the side of the 2nd body to the 2nd body) of projection 
optics. The 6th lens group which has the 5th lens group and the same positive refractive power which have positive 
refractive power has contributed mainly to suppressing generating of distortion, and suppressing generating of spherical 
aberration as much as possible, especially since it corresponds to high NA-ization by the side of the 2nd body enough. 
[0013] In this invention, it has the 1st optical member as the 1st amendment member for the distortion amendment for 
amending the distortion which remains in projection optics, the 2nd optical member as the 2nd amendment member for 
the astigmatism correction for amending the astigmatism which remains, and the 3rd optical member as the 3rd 
amendment member for the comatic-aberration amendment for amending the comatic aberration which remains. In 
addition, the 1st optical member consists of at least one movable lens along the field which intersects perpendicularly 
with an optical axis in the 1st lens group. Moreover, the 2nd optical member and the 3rd optical member consist of at 
least one movable lens along the field which intersects perpendicularly with an optical axis in the predetermined lens 
group in the 2nd lens group except the 1st lens group - the 6th lens group. Especially the 2nd optical member and the 
3rd optical member may be prepared in two or more lens groups other than the 1st lens group, in order to share 
amendment of aberration. Therefore, according to this invention, even if it originates in a manufacture error, an 
assembly error, etc. and many aberration, such as comatic aberration, astigmatism, and distortion, remains in projection 
optics, an operation of the 1st optical member - 3rd optical member can amend these residual aberrations to fitness at 
any time in the condition of having been carried in the projection aligner. That is, even if it makes high neither 
manufacture precision nor assembly precision, highly precise projection exposure can be performed through always 
highly efficient projection optics. 

[0014] In addition, in this invention, it is desirable to satisfy following conditional-expression (1) - (6). 

fl /L<0.8 (1) 

-0.033<f2 /L (2) 

0.01<f3/L<1.0(3) 

f4/L<-0.005 (4) 

O.OKfS /L<0.9 (5) 

0.02<f6/L<1.6 (6) 

[0015] At conditional expression (1), it is the focal distance fl of the 1st lens group of positive refractive power. The 
optimal ratio with the shaft top distance (length between object images) L from the 1st body (reticle etc.) to the 2nd 
body (wafer etc.) is specified. Conditional expression (1) is the conditional expression for mainly amending distortion 
with sufficient balance. If it exceeds the upper limit of conditional expression (1), since a negative distortion will occur 
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greatly, it is not desirable. In addition, while attaining miniaturization, securing a predetermined contraction scale factor 
and a large predetermined exposure field, in order to amend distortion still better, it is desirable to set the upper limit of . 
conditional expression (1) to 0.14. Moreover, in order to suppress generating of the spherical aberration of a pupil still 
better, it is desirable to set a lower limit as conditional expression (1), and to set the value to 0.02. 
[0016] At conditional expression (2), it is the focal distance f2 of the 2nd lens group of negative refractive power. The 
optimal ratio with the shaft top distance (length between object images) L from the 1st body to the 2nd body is 
specified. Conditional expression (2) is the conditional expression for attaining miniaturization, securing a large 
exposure field, and amending the PETTSU bar sum good. If less than the lower limit of conditional expression (2), since 
it not only becomes difficult to attain miniaturization, but the positive PETTSU bar sum will occur, securing a large 
exposure field, it is not desirable. In addition, for achievement of the further miniaturization, or still better amendment 
of the PETTSU bar sum, it is desirable to set the lower limit of conditional expression (2) to -0.032. Moreover, in order 
to suppress generating of a negative distortion still better, it is desirable to set a upper limit as conditional expression 
(2), and to set the value to -0.005. 

[0017] At conditional expression (3), it is the focal distance f3 of the 3rd lens group of positive refractive power. The 
optimal ratio with the shaft top distance (length between object images) L from the 1st body to the 2nd body is 
specified. If less than the lower limit of conditional expression (3), the refractive power of the 2nd lens group or the 
refractive power of the 4th lens group will become strong. Consequently, since a negative distortion and generating of 
comatic aberration are caused in the 2nd lens group and generating of comatic aberration is caused in the 4th lens group, 
it is not desirable. On the other hand, if it exceeds the upper limit of conditional expression (3), since the refractive 
power of the 2nd lens group or the 4th lens group becomes weak and it becomes impossible to amend the PETTSU bar 
sum good, it is not desirable. 

[001 8] At conditional expression (4), it is the focal distance f4 of the 4th lens group of negative refractive power. The 
optimal ratio with the shaft top distance (length between object images) L from the 1st body to the 2nd body is 
specified. If it exceeds the upper limit of conditional expression (4), since comatic aberration occurs, it is not desirable. 
In addition, in order to suppress generating of comatic aberration still better, it is desirable to set the upper limit of 
conditional expression (4) to -0.047. Moreover, in order to amend spherical aberration good, it is desirable to set a lower 
limit as conditional expression (4), and to set the value to -0.098. 

[0019] At conditional expression (5), it is the focal distance f5 of the 5th lens group of positive refractive power. The 
optimal ratio with the shaft top distance (length between object images) L from the 1st body to the 2nd body is 
specified. Conditional expression (5) is the conditional expression for amending spherical aberration, distortion, and the 
PETTSU bar sum with sufficient balance, maintaining the big numerical aperture NA. If less than the lower limit of 
conditional expression (5), the positive refractive power of the 5th lens group will become strong too much. 
Consequently, since not only a negative distortion but negative spherical aberration occurs serious in the 5th lens group, 
it is not desirable. On the other hand, if it exceeds the upper limit of conditional expression (5), the positive refractive 
power of the 5th lens group will become weak too much, and the negative refractive power of the 4th lens group will 
also become weak inevitably. Consequently, since it becomes impossible to amend the PETTSU bar sum good, it is not 
desirable. 

[0020] At conditional expression (6), it is the focal distance f6 of the 6th lens group of positive refractive power. The 
optimal ratio with the shaft top distance (length between object images) L from the 1st body to the 2nd body is 
specified. Conditional expression (6) is the conditional expression for suppressing generating of high order spherical 
aberration and a negative distortion, maintaining a big numerical aperture. If less than the lower limit of conditional 
expression (6), since a negative distortion will occur greatly in the 6th lens group itself, it is not desirable. On the other 
hand, if it exceeds the upper limit of conditional expression (6), since high order spherical aberration will occur, it is not 
desirable. 

[0021] Moreover, in the 2nd lens group, it is most desirable to the 1st body side that the front lens which has the 
negative refractive power which turned the concave surface to the 2nd body side is arranged. This front lens can 
perform amendment of a curvature of field and comatic aberration good. Furthermore, in the 2nd lens group, it is most 
desirable to the 2nd body side that the back lens of the negative meniscus configuration where the concave surface was 
turned to the 1st body side is arranged. With this back lens, while mainly amending comatic aberration good, 
amendment of a curvature of field can also be performed. Moreover, in the 2nd lens group, it is desirable that the middle 
lens group which has at least the 1st lens which has positive refractive power, the 2nd lens which has negative refractive 
power, and the 3rd lens which has negative refractive power sequentially from the 1st body side between a front lens 
and a back lens is arranged. In this case, negative distortion generated with this 1st lens in the 2nd lens and the 3rd lens 
which have been greatly contributed to amendment of a curvature of field can be amended good. 
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[0022] Moreover, in this invention, it is desirable to satisfy the following conditional expression (7). 
1.0<I/L (7) 

Conditional expression (7) has prescribed the optimal ratio of the shaft top distance I from the 1st body to the 1st body 
side focus of the whole projection optics, and the shaft top distance L from the 1st body to the 2nd body. Here, the 1st 
body side focus of the whole projection optics means the point that the light of the paraxial field is injected from 
projection optics, and crosses an optical axis, when carrying out incidence of the parallel light in a paraxial field from 
the 2nd body side of projection optics to the optical axis of projection optics. 

[0023] If less than the lower limit of conditional expression (7), the tele cent rucksack nature by the side of the 1st body 
of projection optics will collapse sharply, and fluctuation of distortion will become large at the fluctuation list of the 
scale factor resulting from a gap of the direction of an optical axis of the 1st body. Consequently, since it becomes 
difficult to project the image of the 1 st body on the 2nd body faithfully under a desired scale factor, it is not desirable. In 
addition, in order to suppress fluctuation of distortion still better in the fluctuation list of the scale factor resulting from a 
gap of the direction of an optical axis of the 1 st body, it is desirable to set the lower limit of conditions (7) to 1 .7. 
Moreover, in order to amend the spherical aberration and distortion of a pupil with both sufficient balance, maintaining 
miniaturization of projection optics, it is desirable to set a upper limit as conditional expression (7), and to set the value 
to 6.8. 

[0024] Moreover, it sets to this invention and is r2Ff about the radius of curvature of the field by the side of the 1 st body 
of the front lens in the 2nd lens group. It carries out and is r2Fr about the radius of curvature of the field by the side of 
the 2nd body of a front lens. When carrying out, it is desirable to satisfy the following conditional expression (8). 
1 .00 <=(r2Ff-r2Fr)/(r2Ff+r2Fr) <5.0 (8) 

If less than the lower limit of conditional expression (8), since it becomes impossible to fully amend spherical aberration 
of a pupil, it is not desirable. On the other hand, if it exceeds the upper limit of conditional expression (8), since comatic 
aberration occurs, it is not desirable. 

[0025] Moreover, in this invention, when setting the axial sky mind gap between the 5th lens group and the 6th lens 
group to d56 and setting shaft top distance from the 1st body to the 2nd body to L, it is desirable to satisfy the following 
conditional expression (9). 
d56/L<0.017(9) 

If it exceeds the upper limit of conditional expression (9), the air gap between the 5th lens group and the 6th lens group 
will become large, and the yield of a positive distortion will become small. Consequently, since it becomes difficult to 
amend a negative distortion generated in the positive lens in the 5th lens group with sufficient balance, it is not 
desirable. 

[0026] moreover, this invention setting « the 6th lens group -- most - the radius of curvature of the lens side by the 
side of the 1st body - r6F - carrying out - the 6th lens group most — the shaft top distance from the lens side by the 
side of the 1st body to the 2nd body - d6 ** - when carrying out, it is desirable to satisfy the following conditional 
expression (10). 
0.50<d6/r6F<1.50(10) 

If less than the lower limit of conditional expression (10), since the positive refractive power of the lens side by the side 
of the 1st body becomes strong too much most, and a negative distortion and comatic aberration occur greatly, it is not 
[ of the 6th lens group ] desirable. If it exceeds the upper limit of conditional expression (10), since the positive 
refractive power of the lens side by the side of the 1 st body becomes weak too much most, and comatic aberration 
occurs greatly, it is not [ of the 6th. lens group ] desirable. In addition, in order to suppress generating of comatic 
aberration still better, it is desirable to set the lower limit of conditional expression (10) to 0.84. 
[0027] Moreover, in this invention, it is desirable to satisfy the following conditional expression (11). 
0<=£2F/f2R<18(ll) 

Conditional expression (1 1) has prescribed the optimal ratio of focal distance f2R of the back lens in the 2nd lens group, 
and focal distance f2F of the front lens in the 2nd lens group. If it deviates from the range limited by the lower limit and 
upper limit of conditional expression (11), since it will become difficult for the balance of the refractive power of the 1st 
lens group or the 3rd lens group to collapse, and to amend distortion good or to amend the PETTSU bar sum and 
astigmatism good to coincidence, it is not desirable. 

[0028] In order to specifically demonstrate sufficient aberration function in each lens group which constitutes projection 
optics, constituting as follows is desirable. In order to demonstrate the function to suppress generating of the spherical 
aberration of a pupil in a high order distortion list in the 1st lens group, it is desirable that the 1st lens group has at least 
two positive lenses. Moreover, in order to demonstrate the function to suppress aggravation of spherical aberration and 
the PETTSU bar sum in the 3rd lens group, it is desirable that the 3rd lens group has at least three positive lenses. 
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Furthermore, in order to demonstrate the function to suppress generating of comatic aberration, amending the PETTSU 
bar sum in the 4th lens group, it is desirable that the 4th lens group has at least three negative lenses. 
[0029] Moreover, in order to demonstrate the function to suppress a negative distortion and generating of spherical 
aberration in the 5th lens group, it is desirable that the 5th lens group has at least five positive lenses. Furthermore, in 
order to demonstrate the function which amends a negative distortion and the negative PETTSU bar sum in the 5th lens 
group, it is desirable that the 5th lens group has at least one negative lens. Moreover, in order to make it condense on the 
2nd body so that spherical aberration may not be greatly generated in the 6th lens group, it is desirable that this 6th lens 
group has at least one positive lens. 

[0030] Drawin g 3 is drawing for explaining the principle of aberration amendment of this invention. In drawing 3 (a), 
the light from the object point P on the optical axis AX of a lens 1 carries out incidence to a lens 1 with the tilt angle 
alpha to an optical axis AX. Incidence of the light refracted with the lens 1 is carried out to point P' on an optical axis 
AX by tilt-angle alpha 1 to an optical axis AX. Thus, in this invention, the angle to the optical axis of light is called tilt 
angle. The line BO which connects Point B to the center of curvature O of the spherical surface which forms the plane 
of incidence of a lens 1 in drawing 3 (b) on the other hand constitutes the optical axis AX of a lens 1 . The incident ray 
PA leans with the tilt angle alpha to the optical axis BO, and the field where the meridional side M and a field including 
Light PA and an optical axis BO cross the meridional side M at right angles including Light PA constitutes the sagittal 
side S. In addition, the crossover line of the sagittal side S and the plane of incidence of a lens 1 forms the circle which 
makes Point C center of curvature. 

[003 1 ] The radius of curvature OC in the sagittal side S becomes small as are shown in the cross section along the 
meridional side M of drawing 3 (c) and the tilt angle alpha of an incident ray PA becomes large. The difference of the 
radius of curvature OA in the meridional side M and the radius of curvature AC in the sagittal side S becomes large as 
the tilt angle alpha of an incident ray PA will become large, if it puts in another way. In this way, the incident ray PA 
which has the predetermined tilt angle alpha is refracted according to radius of curvature OA in the meridional side M, 
and is refracted according to radius of curvature OC in the sagittal side S. Consequently, the image formation location in 
the meridional side M will differ from the image formation location in the sagittal side S as the tilt angle alpha of an 
incident ray PA becomes large. 

[0032] When the lens 1 of drawing 3 is projection optics, the paraxial ray which carried out incidence to projection 
optics with the tilt angle alpha from the axial choice-goods point P of the 1st body will carry out incidence to the image 
surface, i.e., the 2nd body, by tilt-angle alpha 1 . In this invention, the concept of the tilt-angle coefficient alpha 1 by the 
side of the incidence of each lens (or each lens in each lens group) which constitutes projection optics, and the tilt-angle 
coefficient alpha 2 by the side of injection is introduced. Namely, the tilt angle of the above-mentioned paraxial ray 
which carries out incidence to the plane of incidence (field by the side of the 1st body) of each lens of projection optics 
(or each lens group) is set to alphai. The tilt angle of the paraxial ray injected from the injection side (field by the side of 
the 2nd body) of each lens of projection optics (or each lens group) is set to alphae, and the following formula (a) and 
(b) define the tilt-angle coefficient alpha 1 by the side of the incidence of each lens of projection optics (or each lens 
group), and the tilt-angle coefficient alpha 2 by the side of injection, 
alphai =alphai/alpha ? (a) 
alpha2=alphae/alpha f (b) 

[0033] Moreover, in this invention, it relates to incidence high [ of the light to each lens side of projection optics / h ], 
and is paraxial incidence high [ ho ]. And the incidence high hp outside a shaft The concept to say is introduced. The 
paraxial incidence high ho It is incidence high [ of the periphery flux of light in case the periphery flux of light which 
has the maximum numerical aperture from the axial choice-goods point of the 1st body carries out incidence to each 
lens of projection optics (or each lens group) ]. Moreover, the incidence high hp outside a shaft It is incidence high [ of 
the periphery flux of light in case the periphery flux of light which has the maximum numerical aperture from the 
maximum body high point of the 1st body carries out incidence to each lens of projection optics (or each lens group) ]. 
[0034] In this way, it sets to this invention. The tilt-angle coefficient alpha 1 by the side of incidence or the tilt-angle 
coefficient alpha 2 by the side of injection satisfies the following conditional expression (12), and it is paraxial 
incidence high [ ho ]. And the incidence high hp outside a shaft The lens in the 1st lens group which satisfies the 
following conditional expression (13) and (14) is used as the 1st optical member. By making it move in the direction 
perpendicular to an optical axis, it becomes possible to amend the distortion which remains. 
| alphai |<=0.3 or - |alpha2|<=0.3 (12) 
hp>=phi/4(13) 
ho <=phi/4 (14) 

Here, phi is the maximum effective diameter (diameter) of each lens. 
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[0035] Moreover, in this invention, it becomes possible to amend the astigmatism which remains by moving it in the 
direction perpendicular to an optical axis, using as the 2nd optical member the lens with which the tilt-angle coefficient 
alpha 1 by the side of incidence or the tilt-angle coefficient alpha 2 by the side of injection is satisfied of the following 
conditional expression (15). 
0.6<|alphal | or - 0.6<|alpha2| (15) 

Furthermore, in this invention, the comatic aberration which remains is amended by moving it in the direction 
perpendicular to an optical axis, using as the 3rd optical member the lens with which the tilt-angle coefficient alpha 1 by 
the side of incidence or the tilt-angle coefficient alpha 2 by the side of injection is satisfied of the following conditional 
expression (16). 

0<|alphal |<=0.6 or - 0<|alpha2|<=0.6 (16) 

[0036] The example of this invention is explained based on an accompanying drawing. Drawing 1 is drawing showing 
roughly the configuration of the projection aligner concerning the example of this invention. Moreover, drawing 2 is 
drawing showing the lens configuration of the projection optics PL of drawing 1 . In drawing 1 , the reticle R as the 
projection original edition with which the predetermined circuit pattern was formed in the body side of projection optics 
PL (the 1 st body) is arranged, and the wafer W as a photosensitive substrate (the 2nd body) is arranged in the image 
surface of projection optics PL. Here, Reticle R is held on the reticle stage RS, and Wafer W is held on the wafer stage 
WS constituted movable two-dimensional along the field perpendicular to the optical axis AX of projection optics PL. 
[0037] Moreover, above Reticle R, the illumination-light study equipment IS for carrying out homogeneity lighting of 
the reticle R is arranged. In the interior of illumination-light study equipment IS, it is for example, i line (365nm). The 
light source like the mercury lamp which supplies light is arranged. The light supplied from illumination-light study 
equipment IS illuminates Reticle R, and the image of the light source in illumination-light study equipment IS is formed 
in the pupil location (location of aperture-diaphragm AS) of projection optics PL. That is, illumination-light study 
equipment IS carries out homogeneity lighting of the reticle R under Koehler illumination. And the pattern image of the 
reticle R in which Koehler illumination was carried out by projection optics PL is exposed on Wafer W (imprint). And a 
wafer process ends the wafer which passed through the production process (photolithography production process) of 
exposure by the projection aligner shown in drawing 1 through the production process of resist removal of removing the 
unnecessary resist after the production process of etching of removing portions other than the resist developed since it 
passes the production process to develop, and the production process of etching etc. And finally termination of a wafer 
process manufactures the semiconductor devices (LSI etc.) as a device like an actual erector through each production 
process, such as dicing which was able to be burned and which cuts and chip-izes a wafer for every circuit, bonding 
which gives wiring etc. to each chip, and packaging which carries out packaging for every chip. In addition, although 
the example which manufactures a semiconductor device according to the photolithography production process in the 
wafer process which used the projection aligner was shown above, a liquid crystal display element, the thin film 
magnetic head, and image sensors (CCD etc.) can be manufactured as a semiconductor device according to the 
photolithography production process using an aligner. 

[0038] In addition, the 3rd optical member VC for amending the 2nd optical member VA for amending the astigmatism 
which it optical [ 1st ] -member- VD(s) for amending the distortion which remains to projection optics PL, and remains, 
and the comatic aberration which remains It is prepared. The 1st optical member VD and the 2nd optical member VA 
And the 3rd optical member VC It consists of movable predetermined lenses along the field which intersects 
perpendicularly with an optical axis, respectively. In addition, about a lens usable as each optical member, it mentions 
later. 

[0039] the 1st lens group Gl in which projection optics PL has positive refractive power sequentially from the reticle R 
side as the 1st body when drawing 2 is referred to the 2nd lens group G2 which has negative refractive power 3rd lens 
group G3 which has positive refractive power The 4th lens group G4 which has negative refractive power The 5th lens 
group G5 which has positive refractive power The 6th lens group G6 which has positive refractive power from - it is 
constituted. In a body and image side (Reticle R side) (Wafer W side), projection optics PL is a tele cent rucksack 
substantially, and has a contraction scale factor. 

[0040] The 1st lens group Gl Sequentially from the body side, it consists of a negative meniscus lens LI 1 which turned 
the concave surface to the image side, a biconvex lens LI 2 which turned the convex to the body side, and two biconvex 
lenses LI 3 and LI 4 to which the field of curvature strong against a body side was turned. The 2nd lens group G2 It 
consists of middle lens group G2M which are arranged between biconcave lens L2F (front lens) arranged most at the 
body side, negative meniscus lens L2R (back lens) which has been arranged most at the image side and turned the 
concave surface to the body side, and biconcave lens L2F and negative meniscus lens L2R, and have negative refractive 
power. Middle lens group G2M consist of a biconvex lens LM1 (the 1st lens) to which the field of curvature strong 
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against an image side was turned sequentially from the body side, a biconcave lens LM2 (the 2nd lens) to which the 
field of curvature strong against an image side was turned, and a biconcave lens LM3 (the 3rd lens) to which the field of 
curvature strong against a body side was turned. 

[0041] 3rd lens group G3 It consists of two positive meniscus lenses L31 and L32 to which the field of curvature strong 
against an image side was turned sequentially from the body side, biconvex lenses L33, a biconvex lens L34 to which 
the field of curvature strong against a body side was turned, and a positive meniscus lens L35 to which the field of 
curvature strong against a body side was turned. The 4th lens group G4 Sequentially from the body side, it consists of 
two negative meniscus lenses L41 and L42 which turned the concave surface to the image side, the negative meniscus 
lens L43 which turned the concave surface to the body side, a biconcave lens L44, a positive meniscus lens L45 which 
turned the convex to the body side, and a biconcave lens L46 which turned the concave surface to the body side. 
[0042] The 5th lens group G5 Two biconvex lenses L51 and L52 which turned the convex to the image side sequentially 
from the body side, A biconvex lens L53 and the negative meniscus lens L54 which turned the concave surface to the 
body side, It consists of a biconvex lens L55 to which the field of strong curvature was turned by the body side, two 
positive meniscus lenses L56 and L57 of the configuration where the field of strong curvature was turned by the body 
side, and a negative meniscus lens L58 which turned the concave surface to the image side. The 6th lens group G6 
Sequentially from the body side, it consists of a biconvex lens L61 to which the field of strong curvature was turned by 
the body side, and a biconcave lens L62 which turned the concave surface to the body side. Moreover, aperture- 
diaphragm AS is arranged between the positive meniscus lens L45 and the biconcave lens L46. 
[0043] The value of the item of the projection optics PL in this example is hung up over the following table (1). In the 
table (1), the left end numeric character shows the refractive index [ as opposed to / in n / r / radius of curvature / of each 
lens side / d / the exposure wavelength of lambda= 365nm for each lens spacing ] for the sequence of each lens side 
from a body side (Reticle R side). Moreover, dO The 1st body (reticle R) to the 1st lens group Gl Most the shaft top 
distance to the lens side by the side of a body (Reticle R side) For beta, Bf is the 6th lens group G6 about the projection 
scale factor of projection optics PL. Most the shaft top distance from the lens side by the side of an image (Wafer W 
side) to the image surface (the Wth page of wafer) L is carrying out the table of the shaft top distance, i.e., length 
between object images, from a body side (the Rth page of reticle) to the image surface (the Wth page of wafer) for the 
numerical aperture [ NA ] by the side of the image of projection optics PL (Wafer W side), respectively. 
[0044] 
[A table 1] 

d0 = 94.97557 beta =1/5NA= 0.57 Bf=22.68864L = [ 1100] rdnl 758.59372 18.01962 1.66638 2 273.07409 
8.00000 3 407.25600 34.43806 1.53627 4 -305.98082 0.50000 5 200.00000 36.31512 1.53627 6 -950.89920 0.50000 7 
251.3567036.00000 1.53627 8 -1111.20100 5.00000 9 -3000.00000 13.000001.6663810 103.53326 19.34714 11 
583.43731 21.86239 1.5362712 -202.73262 3.71513 13 -389.07550 13.00000 1.5362714 118.39346 25.82991 15 - 
119.29984 13.000001.5362716 228.68065 35.35939 17 -118.78231 15.61439 1.5362718 -2000.00000 15.00000 19 - 
534.21970 30.588061.5362720 -172.96367 0.50000 21 -3045.95900 30.55054 1,5362722 -252.31005 0.50000 23 
787.95642 31.33960 1.5362724 -470.11486 0.50000 25 429.05519 31.10739 1.5362726 -1033.56100 0.50000 27 
276.54228 29.826711.5362728 3383.80700 0.50000 29 200.56082 25.00000 1.5362730 149.82206 51.17799 31 
191.38232 25.000001.5362732 122.34204 25.15581 33 -276.65501 13.00000 1.6663834 -597.90043 9.14516 35 - 
190.18194 13.00000 1.6663836 360.79756 3.75310 37 434.45763 13.00000 1.5362738 643.56408 31.17056 39 - 
951.39487 20.00000 1.6663840 360.75541 3.46004 41 395.41239 33.291911.5362742 -229.24043 0.50000 43 
405.02177 21.769521.5362744 -1456.27300 0.50000 45 334.62149 34.87065 1.5362746 -316.02886 8.19653 47 - 
226.66975 20.00000 1.6663848 -421.19119 0.50000 49 245.00959 27.625921.5362750 -6478.64400 0.50000 51 
118.64887 24.826641.5362752 182.84804 0.50000 53 106.97354 29.80517 1.5362754 305.86346 2.86446 55 
330.12685 13.00000 1.6663856 65.69252 7.67289 57 76.63392 29.80077 1.5362758 -405.45793 2.41289 59 - 
314.041 17 20.42250 1.5362760 1 180.34000 (Bf) (value corresponding to conditions) 

(l)fl /L = 0.l29(2)f2 /L =-0.030(3)f3 /L = 0.106(4)f4 /L =-0,070(5)f5 /L = 0.080(6)f6 /L = 0.143 (7) I/L = 2.020 (8) and 
(r2 Ff-r2Fr) /(r2Fff r2Fr) = 1 .07 (9) d56/L = 0.007 (10) d6/r6F = 0.983 (11) f2F/f2R = 0.635 [0045] The amount of 
fluctuation of many aberration when moving only 0.1 micrometers of predetermined lenses in the direction 
perpendicular to an optical axis among the lenses which constitute the above-mentioned projection optics PL (unit: 
micrometer) is shown in the following table (2) with the tilt-angle coefficient alpha 1 by the side of incidence, and the 
tilt-angle coefficient alpha 2 by the side of injection. 
[0046] 

[A table 2] . 

Lens Distortion Comatic aberration Astigmatism alpha 1 alpha 2 LI 1 - 2.15 - 1.12 0.18 -0.20 -0.23L12 0.41 0.45 -0.01 - 
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0.20 -0.16L13 1.59 1.64 -0.25 -0;08 - 0.07L2R 2.1 1 8.27-1.25 -0.89 -0.87L31 - 2.0 -9.0 1.04-0.96 -0.62L32 -0.93 0.21 
0.45 -0.64-0.38L33 -0.63 8.79 0.10 -0.30 -0.15L34 - 0.83 1 1.01 0.02 0.01 0.08L35 - 1.44 8.99 0.12 0.33 0.31L46 0.22- . 
36.12 -0.48 -0.53 -0.74L51 - 0.64 30.26 0.10 -0.58 -0.27L52 - 0.04 13.35 0.16 -0.10 -0.05L53-0.2835.87 0 0.17 0.39L54 
0.31-38.33 0.01 0.02 0.22L55 0.21 14.540 0.49 0.50L56 1.05 -1.03 0.18 1.03 0.74L58 -2.186.58 1.0 1.25 0.61 [0047] If 
the result of a table (2) is referred to, it is the 3rd optical member VC about a biconvex lens L33, a biconvex lens L34, a 
positive meniscus lens L35, a biconcave lens L46, a biconvex lens L51, a biconvex lens L52, a biconvex lens L53* a 
negative meniscus lens L54, and any one lens in a biconvex lens L55. By carrying out and making it move in the 
direction perpendicular to an optical axis shows that the comatic aberration which remains in projection optics PL can 
be amended, here - the 3rd optical member VC ****** - in each of these usable lenses, the tilt-angle coefficient alpha 
1 by the side of incidence or the tilt-angle coefficient alpha 2 by the side of injection has satisfied conditional expression 
(16), as shown in a table (2). 

[0048] Moreover, it is the 2nd optical member VA about negative meniscus lens L2R, a positive meniscus lens L31, a 
positive meniscus lens L32, a positive meniscus lens L56, and any one lens in a negative meniscus lens L58. By 
carrying out and making it move in the direction perpendicular to an optical axis shows that the astigmatism which 
remains in projection optics PL can be amended, here - the 2nd optical member VA ****** - in each of these usable 
lenses, the tilt-angle coefficient alpha 1 by the side of incidence or the tilt-angle coefficient alpha 2 by the side of 
injection has satisfied conditional expression (1 5), as shown in a table (2). 

[0049] Furthermore, it is the 1st optical member VD about the negative meniscus lens LI 1 in the 1st lens group, a 
biconvex lens LI 2, and any one lens in a biconvex lens LI 3. By carrying out and making it move in the direction 
perpendicular to an optical axis shows that the distortion which remains in projection optics PL can be amended, here - 
the 1st optical member VD ****** -- the tilt-angle coefficient alpha 1 by the side of incidence or the tilt-angle 
coefficient alpha 2 by the side of injection shows each of these usable lenses in a table (2) — as — conditional expression 
(12) - satisfied - and the paraxial incidence high ho And the incidence high hp outside a shaft As shown in the 
following tables (3), conditional expression (13) and (14) are satisfied. 
[0050] 
[A table 3] 

Each lens side hp ho phi / incidence side lens side of 4L1 1 66.8 10.9 The injection side lens side of 44.8L1 1 64.4 12.0 
The incidence side lens side of 45.1L12 64.4 13.1 The injection side lens side of 45.5L12 62.9 15.7 Incidence side lens 
side of 46.0L13 59.4 15.8 Injection side lens side of 45.7L13 52.9 16.9 44.8 [0051] Although each amendment member 
(VD, VC, and VA) can amend predetermined aberration in independent like the above, respectively The movement 
magnitude by each amendment member (VD, VC, and VA) Instead of the reticle R used at the time of exposure, the test 
reticle TR in which much marks for aberration measurement were formed is used. In the defocusing location [ location / 
of projection optics / the best focus location of projection optics, and / best focus ] shifted, it can ask by performing 
proof print (trial exposure) two or more times on the wafer W with which the pattern of the test reticle TR was applied 
to the resist. For this reason, the yield of many aberration including distortion, astigmatism, and comatic aberration can 
be obtained by measuring the pattern of the mark of a large number for each aberration measurement formed on two or 
more wafers W pass the production process of proof print using the test reticle TR using a metering device with an 
electron microscope etc. 

[0052] And the aberration which remains in projection optics PL is removable what each amendment member (VD, VC, 
and VA) is moved for based on the amount of aberration of each acquired aberration through the measurement 
production process of aberration using metering devices, such as this electron microscope, (adjustment production 
process by the amendment member). If the wafer W (photosensitive substrate) with which the resist was applied on the 
wafer stage WS is set up and Reticle R is illuminated by the illumination-light study system IS while setting the reticle 
R in which Bataan for die usual exposure was formed as a reticle stage RS, after the above adjustment or amendment 
actuation is completed, on a wafer, the projection imprint of the more faithful reticle pattern will be carried out by 
projection optics PL, For this reason, a good semiconductor device can be obtained. 

[0053] For example, the configuration described below, then the measured automatic regulation of aberration become 
possible. While forming the light-receiving means D, such as an optoelectric transducer for aberration measurement, in 
the end of the wafer stage WS which specifically holds the wafer W shown in drawing 4 the output signal from the 
light-receiving means - being based - each amendment member (VD and VC --) Prepare the amount calculation 
section of amendments which computes the movement magnitude of VA, and it is further based on an amendment 
signal from the amount calculation section of amendments. With constituting so that driving members (DEI - DE3), 
such as a piezo-electric element prepared corresponding to each amendment member (VD, VC, and VA), may be made 
to drive, respectively, the automatic regulation of the measured aberration becomes possible. 
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[0054] At this time, the amount calculation section of amendments is prepared in the interior of the control system CS 
which controls the mechanical component DU equipped with the interferometer which measures the-like secondary 
location in the XY direction of the wafer stage WS, the motor to which the wafer stage WS is moved, and controls the 
location of the wafer stage WS. The information on the relation between the movement magnitude of each amendment 
member (VD, VC, and VA) and the variation of each aberration is beforehand memorized by this amount calculation 
section of amendments. In addition, the wafer stage WS is movable in the direction (Z direction) which it is not only 
movable in the field (XY plane) which intersects perpendicularly with the optical axis AX of projection optics PL 
through a mechanical component DU, but met the optical axis AX of projection optics PL by the mechanical component 
DU. And the projection system AF 1 which projects light towards the exposure field on Wafer W The detection system 
AF 2 which carries out the photoelectrical detection of the location of the light which reflects the exposure field on the 
wafer W When a control system CS controls the movement magnitude in the direction in alignment with the optical axis 
AX of the projection optics PL of a mechanical component DU by the focal detection system which it had based on the 
information by which photoelectrical detection was carried out, the location in the Z direction of the wafer stage WS is 
controlled. 

[0055] Now, while making the test reticle TR in which much marks for aberration measurement were formed hold to a 
reticle stage RS instead of the reticle which performs the usual exposure and setting the pattern side of the test reticle 
TR as the body side of projection optics PL, the wafer stage WS is made to drive through a mechanical component DU, 
and the light-receiving means D is set up in the exposure field of projection optics PL. Then, the light-receiving means 
D detects each mark image of the test reticle TR etc. in photoelectricity through projection optics PL. The photo- 
electric-conversion signal from the light-receiving means D is incorporated controlling the location of the wafer stage 
WS based on the positional information of the Z direction in the light-receiving side of a light-receiving means D by 
which a control system CS is acquired by the focal detection system (AF1 and AF2) at this time, and the positional 
information in the XY direction of the light-receiving means D acquired with the interferometer inside mechanical- 
component DU. And the light-receiving means D carries out photoelectrical detection of each mark image of the test 
reticle TR in the defocusing location [ location / of projection optics PL / best focus ] shifted while carrying out 
photoelectrical detection of each mark image of the test reticle TR in the best focus location (image surface of projection 
optics PL) of projection optics PL. 

[0056] Now, after the amount calculation section of amendments inside a control system CS computes the movement 
magnitude of each amendment member (VD, VC, and VA) based on each output signal from the light-receiving means 
D acquired using the test reticle TR, an amendment signal is outputted to each driving member (DEI - DE3), and a 
driving member (DEI - DE3) is made to drive, respectively. Migration in the direction which intersected 
perpendicularly with the optical axis AX of each amendment member (VD, VC, and VA) can be set automatically, 
respectively so that this may amend each aberration measured with the light-receiving means D, and the aberration 
which remains in projection optics PL can be removed. If the wafer W (photosensitive substrate) with which the resist 
was applied on the wafer stage WS is set up and Reticle R is illuminated by the illumination-light study system IS while 
setting the reticle R in which the pattern for the usual exposure was formed as a reticle stage RS, after the above 
adjustment or amendment actuation is completed, on a wafer, the projection imprint of the more faithful reticle pattern 
will be carried out by projection optics PL. For this reason, a good semiconductor device can be obtained. 
[0057] In addition, although the example which prepared the amendment member was shown in the above example 
when all projection optics was constituted from a retractility optical member, it does not have ** to say that it can apply 
to the projection optics of the reflective refraction mold containing a reflective mold optical member and a refractility 
optical member etc. for example,, either, without restricting to this. In addition, although the above example showed the 
example which amends distortion (distortion aberration), comatic aberration, and astigmatism to coincidence, this 
invention may amend any one of the aberration of such. That is, in projection optics PL, if any one of distortion, comatic 
aberration, and the astigmatism remains, it is clear also from what is necessary being just to prepare the amendment 
member which amends the residual aberration. 

[0058] In addition, in order to constitute a lens movable along the field which intersects perpendicularly with an optical 
axis in each optical member, a bis-push device can be used. By the bis-push device, while supporting a lens and 
loosening at least one screw on at least three screws which go in the direction of an optical axis, a lens can be moved 
two-dimensional by screwing in other screws. Moreover, the drive of a lens can also be constituted using other driver 
elements like a piezo-electric element. 
[0059] 

[Effect] As explained above, even if it originates in a manufacture error, an assembly error, etc. and many aberration, 
such as comatic aberration, astigmatism, and distortion, remains in projection optics, by this invention, the projection 
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aligner which can amend these residual aberrations at any time where projection optics is carried is realizable. 
Consequently, even if it makes high neither manufacture precision nor assembly precision, highly precise projection 
exposure can be performed through always highly efficient projection optics. Therefore, a good semiconductor device 
can be manufactured with the projection aligner of this invention. 


[Translation done.] 
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ftffl^BSf ftffil;:t&oT#i!rnJftft^ft< i:* lo© 
v >xa> nt «rEJft«**3Rrt ft a 

JR«**liE-r4fc»©JB3*iE«tfi:-UT©IS3Jte*»' 
tttiffiZs tt££lft¥tt#& ii5f3SBl U>X«fC 
:fcl*ft'J>ft< i:* lo©l/>XT-BJ£S*U suf3^2^ 
*»tttt* tui3SB 1 I/>X»tt*M0I/>X»C*lt*«l> 

ft < i: * i o© ix >xT«j«*.nv miBff 3 ^#aj*r 

tiu KJI3SB1 Vi/X»tt*©U>X»fc*tt*<l>fc< 
* lo©l^>XT-«fiS^axuftCi:4^i:-rfta« 

g*gB£ffiftf fto 

[00 0 6]fl %W<Dft& UV>M*fc «ttL«. bu§3!B 
1 V>XS¥©«USI§gt£f , i:U 1513^2 U>X»© 
MUMMttfifcU fiai3B3l/>X»©toSUB**f 
3 i:U SJE»41/>X»©ftl^lffili*f 4 fcU h5I3 
■B5l/>X»©B£E«*f 5 fcU-gIIB»6U>X» 

*T-©tfi±ESt4 l ii-r ft i: tx 

f!/L<0. 8 . (1) 

-0. 0 3 3 <f 2 /L (2) 

0; 0 Kf 3 /L< 1 .0 (3) 

f 4 /L<-0. 0 0 5 (4) 

0. 0 Kf S /L<0. 9 (5) 

0. 02<f 6 /L<l; 6 (6) 
©£fr£SI£-fft. 

[0007] ttz, ni&wnfi-zL^mmt&titt. 

S5I3IB2 b>XIUis B«gl4MMI£EB£n > tHlB 
»2»(M8CiaiiftSJtfejiair*©llir*'u>X-i:v « 
■ t JB 2 »(MB C S« * *IT Krt3» 1 «5<*«J Da ffl 4 16] (t 
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mffik 15 U > X 1 © fS t El £ ftfe 4 1 fS l> y XP i: 4 W 
Us KjiB*P^l/>XPtts SufBfgl Ail^ JE 

©JSIf^**1"-5^ 1 l^>Xi:, AOJS#f^5:*-r?>^ 

2i/>xiis ft©a*f^%wr2>^3 v>xt*'j>tji< 

1. 0<I/L (7) 

©*# * isjs f a c t # » * t v * . 
[ooo 8] 2 awcfcvvrii* ».i*.*4 

wsftfcttffi* l yafrv&itw, 2 »fls±t'a«-r*fc»' 

I a 1 |3 0. 3 *fctt | a 2 

fc©«*Hqtt*£ra«***#fliriBa«#^*** 

fiX-TS*l/>X-NAit-r-5 i:f ©AltiS^ho if 
IBS 1 trtfc©S*tl<£it5©£*> 6 ©«*K nt&4*-f s 

3i:t©Atm4hp fcU 3fiBai&>te£*4*lJi&* * 
&U>X©«*£&g4<ai:ir3i:^ afSBx-f^b- 

3 >i*jEffl©A*»#**JS-r £ U >Xfcfc, 
hp £tf/4 (13) 
ho g<*/4 (1 4). 

©*fl=**jgr4ifc*«faj:r*a»K*««*»« 

[0 0 0 9] *^^©m3^wt:i5^T«. gltttt* 

-.issnfeUKJB i *#©**» 2 »<*±c««-r *&» 

0. 6< | a 1 | Sfefct 0. 6 

©*fr* «ue-r 4 z t *^ai:>5a*83tei?«%i!« 

[0 0 10] *»W©»4«WC*V»ttt, ■ JSlttfr* 
W*ftfc»IB» l*K*'©«4IB2*<*±£«*-r*fc© 

c*»©i/>x4*-rsa«***i:*fltAfca»«i6. 

»t>TiMWri|*il>ft-<fc* lo©I/>X#6HJ«**l 

©3VJR*fcjE«©1*lE«;&fcbT©**»*f**U 
0< | o 1 I $0. 6 .ifctt' 

©jMftaije-rsiktwitfcfsai&.ii**!**^ 

[ 0 0 1 1 ] *J5W.tt. -tt±©» 1 
f§W©^-?ft*>©a&8ft&g4ffl^T, i/f-*;i/±fc 


««t*^T» BuiBa^^^tt, HufBa»jt#^©* 
>x*&«issftxfjiaai&#¥*rtfc»#i-$f s <r;< 

h-S'a >4ffiEtSfe»©X'f * >a >fc§IEffl© 
lijE»»kUT©**IWf**b» »J3*.l»<tffl«±" 

' ttiBais**3R**ia-r'5#i^>x-e©»ja»i«j*« 

©ffifcXIt* *ttffi»llll#»©fc*«l* aitLv SuIB 
»»**«*«J«-r&#U>XT©linB* 2 •#«!©■[ 

S, «IB7 f .-rxh-S'3>»]EM©****fft«lJ«-r* 
l/>X©Xlt«©«»A«»a 1 =oi/a i *fctt» 
WfJ©{®&£&&a2 = ae/a' HU 

I gO. 3 (12) 

ca»©u>x«*"rsa****i: 

?&o ITfg&'J>fc < i: * l o© v y X*> h m&LZ ft 
T f38B&£*¥ S CS#.r 5 # jSURIS 4 ffilE-f 5 K) 
©'*jBuKHMEH©»iEara i: bT©#«M**£ U 
lulB^ 1 »flt©«l±»jS**)«»fta"T?«iIffia«3te** 
■CA»bfc««*«#««fta* T?SHB8 2«rt*fc:>J* . 
f»«*fc'*V^T» HulBa^^^4«fiK^5^l'>X 
T-©BufB^ 1 4WMI©iiit A»-r«»IB3eili**©«« 

iiiK»2»fr«©iB*&»ffi*ft«iuffia«^©#a« 

fllfiR-rS t/>X©AJt«©fB«ftff*o 1 = o i/or* 
•* .fcttWlB*©#B«ft«« a 2 = a e / a ' 

< I a 2 I (15) 

BllB»l«*©«l±»jS*?>«iSJft'aTfiiWBa**** 
CAJtbfc«tt**#««fta'-^liIffi»2**CAM' 

■C©JMB» 1 »#fl©iBCA»ra»ffliE«*«08**' 
£4aii:U lliHWB****»j«-r**V>X"e© 

huib^ 2 vaftmomfr h was $ ft s «tfacM ««©mm 

^4ae IMB3'v***liE«©Jfc*«»* 
«fig-TS 1/ >X©AfM©M#Mftfta 1 = a i/a' 
'* fettlt UfiJ©M44AffiR a 2 = a e / a * 14, 

0< | a2 | ^0. 6 (16) 
[0 0 12] 

[«w©nas©^] *«w©as&jt^{±x wi i -wit 

IE©JB*f*ft«tS»i l^>XPfc, ft© 
H#f^4*-r-5^2 U>XPi:, E©fl*f*4*-r*» 
3U>XPi:, ft©H*f*4W-rs^4V>XPfe, IE 
©S#f£4W;f£f§5 U>XPi:, iE©a#f^4*t^ 
»6U>X»i:4flt*TV^4. IE©J!#f;>j4£-fSSfSl 
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'->3>©*iiECaF4LTV^. SfltWCtis $ 

>Xfi<»jELTV*3. £©a#r££*-f 38 2 b>X 

yn-;Mti©if§IEC«#U flMS©¥fi<b*BloT^ 

2. ft©B*f*«£-r5*2U>X»fcIE«DJB#fa*W- 
■f*l(l3 1/>X»i:tt v JIUBiJH*»J«Ut*D; 8MB 
mw^y * 7 *— *X -(J8!ejte.¥«CD« t » 2 
ffl©V>Xffi*»i£)^2iKlfls*t?Ott±ffilR) ©ttRfc* 
#bTV>*. I<DS#f***-r4ffi5l/>X»*«tWB 
t<jE©H#r**:rrs8 6 b>X»tt* ihbt, x 

«NA<bt+^»*Sf sfc»ci«t:«iiiiRSlo*4*a 
£ flP x. 5 cr J: h lz $ # b X ^ 3 . 
TO 0 1 3] *%®X'&,. «M¥Srtt^tSr-( 
^ b— *>3>*ltiE-r.5fcto©7*<rX b—>3>ffiIEffl 
©»lMIE»trfcl/t©81 »#-T5*jSI 
JRg£*t IE1-5 feto©?NAJR£ffi IEfl3©8 2 ffiXttft i: 
UT©JB2*?»»fcv B^&^JRMfcffiE-f £fc 
to©3 VJEIt*§iEffl©8 3*§IESWi: bT©8 3 ft^SP 
«i:**1-5o Xt*».»l**«»tts ^1 b>XS4* 

lo©b>X*>£&J$£<aTV'>.3. »2#*« 
»*ilF»3*'¥»ttH;. »lI/>X»tt«s T&fet. 
g§2 b>XP~8 6 b>Xirt:©f?r;£©b>XPf 
v^T*ffl^:^l25E•rsffitc^&oTi^l!)qIt6*'>^t< i:i 1 
o©b>Xfrf>fltfig£*tT^3o Nil, 'S6 2#*«*tt5 
3 iR£©ffiIE£#fi-f3;fctofc. 8 

i i/>x»«»©aaov>x»c»w-6*iT*«tv^ 

LttfoT, .*»9§CJ:*Ui y WIMII*flE£flll& if 

— >3>ftif©BJ8UI#«#bT%, 111 

3. ^iS*t©#fflC«kt), &gSftgB£&tt$nfett 
JiT- i ft *> ©8H5fJR« *MKf t *liE-r 5 3 i: A s Tr 0 

oZtifiXZZ. 

[00 1.4] fc* % *fsipifcfcv^tt* eiTosfefta; 
(1) (6) . MlJfrr a U^. 
f , /L< 0. 8 (1) 
-0. 0 3 3 <f 2 /L (2) 
0. 0 Kfj/Kl . 0 (3) 
f 4 /L<-0. 0 0 5 (4) 
0. 0 Kf s /L<0. 9 (5) 
0. 0 2<f 6 /L< 1 .6 (6) 
[0015] ( 1 ) t-{±s IEB#r*©£ 1 b >X 


a5Stjt**su£bT^s. &f*3; (i) a, itf'-f^ 

h - a > 5: 7 > 7 £ < If IE 1" 5 fc to© sfeftitT- * 
5„ (1) ©±IRffl*±[a*i:. iCr^h- 

$/3>#*S<*8£raffl"C#S b<%^. &*>\ BfS: 
©l8'hf5**J:VlS^8Jtei»«**«bo-33>y^ h 

itzmzttbiz. t4 7s b—>3 

jE-rsttt, &fr5S (i) ©±pa<i*o. 14 trie 

*©«ffiiK2S©J5S**&K:k» 

c'«i;tafc»fcH\ *f*^ (l) cTRttfc.ttJSu;* 
©tt*o. o 2 t-rsciitfif^b^o 

[0 0 16] (2) T-fct, fta#T±>©82 b>X 

£©£££« f 2 i: 8 1 *> £ 8 2 *{* * T- © M±E 
St (ttftHENO Lfc©S»fcifc**S«bTl>*. -$ 
(2) tiu fiV^*««*t«Lo-33>/^hfli 
40 !K flo^yyA-;ufn£Ji#£ffilEr3fcto©5fe 

t-frZlZft *) < , IE©'*.* sm— ;i>»a*»£'r.5© 

toii^tt^y y^-;i/«©s 5> tc&j? &ffiE©&to£ 
HU £fr5£ (2) ©TRfi*-0, 0 3 2 t?ZZt# 

Sfctotlt, (2) C±Rffi£iS:£ 

U -£©(!£- 0. 0 0 5 i:•rs^i:if) s ^f*bV^o 
[0 0 17] ZkftA (3) T-tt, iE®#f*©B3 b>X 
SOURCE* f 3 fc!! : l«I*fr6»2***"e©li±ffi 

mi (ftttnsai) L-fc©*a'a:.it**a3ebTv>s, * 

ffS (3) ©TBB<fi£T@5^ 8 2 b>XP©JB*r;>J 

'**^tt!B4i>>x»©a*f*#ii<a*. *v>&^ 

VJRS©***ia*, »4U>XPC*V^Ttt3VJR«-- 
©«**«< ©T?»t b<*^. -7?> *fr3 (3) © 
±Rffi£±@£ii, 8 2 b>'X**S^tt»4 b>XSf 

©a#f* a 5 ^ < * & v ^ «y^t-;ma*jiff wiJEr* 

dfc#Tf*3&:<45©-Cff*b<'«:v^ . 
[0 0 18] (4) T-l±, ftfflff*OS4 V>X 

SOftijSffilif 4 fc*l»fffr&»2*tt*TfflllLtffi 

ffS; (4) ffl±iStt4±E]Si:, 3TJR«*«ftf»* 
»ff*U<«^. fc*>\. 3v*il©»flfe**6fc:A»C 
»*4fc»tii» jfcfrft (4)'©±**t-0. 04 7 

ii-rschtffftb^o «®jR^*asffcHiE-r 

Sfctottt'. ^frS (4) CTI14IKU. ^©fB* 
-0.0 9 8tLtZZ£.1fift£L^o 

[0019] (5) T-tt, mmmtuDns b>x 

»©jHjSffi«f s i:81tl*A i ?»8 2t)fr*-e©!|i[ll±£g 

it mm&m Lfc©«a«tit**asb-cv^a. ife 

ttS (5) (4, *£fcHP»NAS«fc&'#6JSiiiiK 
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&<mmtztzv>(D&< l t3.-c-$>z>o £fr5£ (5) ©TR 

fi^TlHlSiiv ft 5 'l/>X»©iEfl#M7* J MK&!>iB£ 
5c *©«*, JB5 1/>X»C*V>T*©7 f ^^b—> 

L<fc^. &{*5£ (5).<D±M*±EI*i:s £ 
5l/>XB©iEH#r** J B<«6'!)ii^ »4 1/>X» 

© iiJMf* * ta <**•*©**»•** ^ 

[0 0 2.0] SfeftSC (6) ffcfc, IEJB#T*>©ft6 U>X 
*©ffiAEftfs fc»l.«»*6«21^in?©«lJUE 

ftS (6) tt> *&fcWnR**%fc#6**©8Hi« 
Jgfc*tfft©5*4Xh— J'a:/©***^**^©©* . 
ttSrefc*. jfcftSC (6) ©TPBfI*TlHl5i:> 161/ 
^XWSfUCfc^Tft©?*-* X K— 5^3 
-r4©^»*b<*V^'-^ jfeffS (6) ©±©«£ 
(^©*WK«M&41-a©-eff*U<ft . 

[0 0 2 1] *"fc, ft 2 1/ >XHC:fc^Ts g*ft 1 ft 

SttjSfi^XtfEMiSivt^acifciWatU^. c©lu 

■ XflM*©**l'>X#Eft**iTl»\SCi:aW* tVA. 
d©&£l/>X£<fc »K £C3.T-JR*©l«iE*A»lCff 

©net*. »i*#«i*6«iic:» i©ffl*f***"ri» 

lV>Xts H©JB#f**#-r**2U>XJ:s A©JS 
5ft 3 l/>X£td>fc< i:**t4*Hl/> 

1. 001 (r 2rf -r 2rr ) / (r^, 
&tt5£ (8) ©TfB«*T@Si:, tt©£fc®iRif©ffiiE 

Sfcfra (8) ©±Bg<I£±ls]5i^ 37«|tf»i 

[0 0 2 5] C:ftVvCtt> *51/>X»fc 

»6V>XWfc.©B©lli±aiRBPi*dB8l:U »1» 
**6JB2*(*:*TJ©li±ElitL'fc-r»J:*» &©& 
ttSC (9) iffiHtZZtlfimL^o 
d»/L< 0. 017 (9) 
sfe^S (9) ©±HII*±®*i:» ft5U>Xif.i:ft6 
l/>X»i:©IB©2»ftlBH* J ^:8<«!)x iE©fw^b 
-J/3>©»4*#'h£<fca. *©&£> ft5U>X 

»<f©jEi>>xc*v^ , r*4-r*ft©7 s 'fXh—>3> 

*^7>xA<*BItSCkA«Hlii:«i:*©T?»*l/< 

[0 0 2 6] *«WC*^Ttt» ft6 1/>X»© 

«fc»l»<*«©l/>XIB©ia**8Sr, r i:U ft.6 


.XStfEBSflT^a^iiffff*^. C©i 
ft 1 U^XlCfctK |ftffi»ffl©MiEC*g.<*4l/X^ 

5ft 2 i/>X*5ivft3 u>xc:ft^T«£1- aft©?* 
4 X h - 3 > ©ffiiE t m» t fr 5 C i: S 5 . 

[0 0 2 2] £fcx *»WC*^Xttx *©*fr5S 

(7) *'*JE-rsci:*»*l/V>. 
1. 0<I/L (7) 

SfefrSC (7) "Ctt s »1***6«I5***±*©JI1 
'*#«j»ja35Tf©«±ffiliIi:» »l«#*6»2*i*: 
*T?©«l±EltLfc©«ii*lfc**a3£L!XV^4. 

©*»C»UXail*J<-e©¥ff3t*i9:«ite**©!B2 

[0 0 2 3.1*fta (7) ©TI8<I£TlHl5i:> 
3*£©ft 1 »#«T«jfl'-fel' h 'J V £tt#:*:ft£ft*l 
Ts ftl%#ua#ffi£A©?ft£igB1-5fn^©g»& 

ft i1&ft©&£ffiS©fa^©*fcT^Cft2tJ#±£ 
&&?-5C£#B8£fc5©-t-i?£l/<&^o ft 
1 ^©?fctt^lpl©mneH-r Sfg^&i&MVfc:^ 
4 x> — > 3 >©&»£ $ h CAff C#PA 5fc» £ HU 
Sfcfr (7) ©TRftftl.. 7fc*-*;:i:tf#*LH. £ 
»»**»03>/^ Mb**§flUfctf^ mom 
ffiJRSfc.fcVx'r X 3 >ft#C/*5 >X A < HIE 

.■rsfcftctt* (7) c±r«*»«u.*©« 

[0 0 2 4] #$gS8tC:fcV>T»±, 'ft 2 1/ >XS*+ 

©l3*V>X©ft ltlfrfllOffiOtt^SSra, i: 
■U **U>X©JI21WMIffllB©tt^*ffi*ra» fe 

-rs.fcs* ^©ifeffs (8) titjE-r*ck#»*L 

+ r Sr ) <5. 0 (8) 
>>XP©ftt»ft ltlfr«l©l/>XM*e.ft2«l<*:.tX- 
©ii±!£S85:d 6 i:f 2>i:§> *©^ff^ (1 0) 

0. 5 0<d 6 /r 6F < 1.50 (10) 

(10) ©TISfil*TEI5i:> »6U>XW©» 
* ft 1 © 1/ > Xffl © 3E'ffl#f* < ^ ») ^ 5 

I0t-( X h—>3 >*5itf3TJtKSA s ^:t 
?.5©T:$fg;.L<fcU. sfe(^ (10) ©±RB«*±@ 
ft6'l/>X»©«t»l»ft«©l/>X1B©iEH 
*f ^> * S B < * (3 iB ^ 5 tz »s 3 viRM^t < 5 
©■tfffSl/<*W 3VJRM©^ ; fe$^^M» 
t:ffP^.5fc«){C{i, tk&r^ (10) ©T«ft*0. 8 4 

[0 0 2 7] Sfc,'**?SC*V>Ttt, «©*ftSC (1 
1) £iiJS-f5C£:#ff£l/W 
0^f 2f /f2R<18 (11) 
^frit (1 1) ti\t. ft2 1/>X»*©a*b>X©k 


- 7 - 


AEB i 2 b >Xi¥ *.©ii!i£ 1/ >X©£u£iigi f 
^©RSfctt^^bTl^o sfeffiC (ID ©T 
pgfiti5J:V±IS<l-r-|iB«$nfe«5H^3gflttt5i:, 11 
1/ > XPfc 5 Wil 3 b > Xi¥©E#r t> © ) 1 7 > X tfM 

/<»y^-;b»k^jiMUIi:*Hl*t:jliffClilJE1-»i 
fc#B*fc**©"C#* b< 

[0 0 2 8] IftS9tIli> SK******.*'**!'* 

ISfflf-f X h— 3>a >MVER©#ffiJRgffl»£*«i 
x.5«t6*^»^^-5tJ±, 1 1 b>XS*#'J>&.< i:* 
2 #©IEb^X££:f bU. 13 b 

> X W C *s v\x «ffiiRH*J <fc V* y rf ^-^ffl ffl.Ifb £ 
»**«i6*»*S*'4-CtiU 13 b>X8M>">fc< i: 
fcSftOIEW./X^WXSChtfifFiib^o 8 
4 W>Xpt*5V>T^y.y^— ^ffliffliEboo^ x'JR 
HcD^4JtPx5«te%«S^-B-afc:{iv !g4b>XS¥ 
#'J>*< 3ttOfll'>Xt:*-r53i:A s ff S UOo 
[0 0 2 9] 15 b>X&C:fc^Tfi©x-r X f 

15b>X##'J>&< fc* 5*t©IEl/>X**r 

fa;:i:##£b^. 15 b>xp»ris^T:A 

eS^tStli, 15 b>Xf¥# l*5t©ft 
b>X£:ff-f bO. Sfc, l6b>XPC 

fc«***Sttt,' COl 6 b>Xi¥#'J>&<i:*> 1« 

[0 0 3 0] *«woiRM*ii©Jsa*i5iw-r 

2.fc#>©0Xfc5. 03 (a) CfcOT, b>Xl©# 
ttAX±©$j£P4»£©#Sai^ *«AXC»-ri«l« 
&aT*b>X l tAiff So b >X 1 X-JSJfSftfcfcH 
lis *WAXE»-i\««IMte* ■C**AX±OjSP' 
tAtt^S. CCtot, *»WC*5V>Xs *&©#» 
fc#rafcg*f«**fci:V<$. 03 (b) t*^ 
b>Xl©Aitffi*ff^r3#ffi©ft^*<h0i:;S 
Bfc*«**BO#," b>Xi©#«AX*»J0Sbt^ 
S. Alt^PAttftRBOCtfUTHttfta-pH^T 
fc'tK ft$PAfc:#;fflBOi:£^A,£®iM 'Jf-f XX 
;U®M£, fti&§IPA£^A/t-^ 'Jx-f XX;i/ffiMfcEX- 

® S i: b >X 1 ©Alt® k©*ll»tt, £ C 

[0 0 3 1) 03 (c) ©* U^W XX;i/ffiMttfirofe 

I a 1 |^0. 3 *fctt I a 2 
hp^«5/4 (13) 
ho. £4/4 (14) 

0(i£b>X©e**2!!g.(iig) t?^5o 

[0 0 3 5] 2«6WC:fe^TttN XMW<D®&M 


& 5 1 b fc # -a x x it y ? ;i/ffl s t *jtt a o c 

:Mv*<fc*. ftt-Tittt, Alt*«P.A©«t«*ai» 
<4iC bfctf-sT, * Ur-( *X;UjBMt!felt* 
ft 0 A t V V * ;i/S S t * tt 5 A C t © 

*fjt«PAtt< ■i^xx^SME^TtiftsM^g 
OAtj&DTBJrSft, ??*;i'ivs£.&^Ttttt** 

gOCCf&bTfi#r£tl3. .*©«** Alt^PA© 
<8*!tfSa#*t < «Clft#9t7i Ux-f xx;wiBM 
Tf OigRffiR i: f - * * >Vp S T- ©fcRffifi # 4 • 

[0032] 03fflb>Xl ^a^^JRTJft 5®^-, 

I l»fl®i±*j«P*6IIW#aTl»***l:AJt 
L a* X-#ffi-r«:fc%12«)«:{CA 
»-rsci:E*5o **iiit*^Ttt, 
^tS§l/>X (*fel±#b>XSf*0^b>X) OA 
»«®««^«»a 1 «J.tF»U«©M«A«fta 2 t 
V^*i8:*#A-J-5- f '(*fctt# 
b>XP) ©^b>X©Altffi (ll^ffiOOB) CA 
lff*±»©«l***Ott«A*'a i i: b> 

(SfeJi^bVXP) ©#'i/>X©»mifi'(»2'«iM8 
©ffi)'*6ltffl3*tS2MJW©H«**aefcU «. 

(**tt*U>X») ©Sb>X©Alt«J©<« 
ttftfffta 1 feck vattUIH©M«Afl(R'a 2 £*©5£ 
(a) *i(F'(b) 
al = ai/a' (a) 
a 2 = ae/a' (b) 
[0 0 3 3] $fc> *^WC*JV^Ttt, fil^^lS©* 
b>X®'N©*ife©AltSlhtH3gbTs jfittAltiiSh 
o **VII*MJt*hp i:v^«b8:4#Al:*. ffittA 
WSho tt, *l«#©ll±*jilll*6©«*HP»*#'-- 
-r*ffl«***»«*^* (Sfcii^b>XSf) ©#b 
>X^AItXSi:#©-v7©Ji^*©AltigT*fe5o * 
fcs tt^Aitiahp tt, £ltt*©*:*4MtA©£*>& 
©**IBPR**-r 

b>XP) O^VVX^AWt SttO^©^^*^© 
AWiST-feSo 

[0 0 3 4] CdbT. ^ICt'^ttt, \%m<Dffi 
®ft&Ma 1 Sfeiilttbfi!lOflSjBJ^#»a 2#*©*ft 
S (1 2) *U£bfi?«liAit»ho *'jiW«i»AW 
iiihp #«©*frSC ( 1 3 ) * J: V (14) %«§S-rs 

I I 1/>X»«P0 b >X%1 1 ft^&ttt l/Xjtttt'S 

- 5/ 3 > £ ffllEX S C *s WI6 1 « S . 
I £0. 3 (12). 

«Ra-l *fcttWta«©«««AffRa'2#*©*fpa 
(15) *||fi1-5l/>X*»2**«*fii'b-i:*«i: 
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0. 6< | a 1 | tfcfct 0. 

*%w£.#^r\t, x%m<Dmw%&ma i £ 

fc{^ffify©<ff4&&i&a2#&©£fr5S (16) £S§ 
0< | a 1 I gO. 6 £fctt 

[0 0 3 6] *»ra®*it«*» mmmiz&-3^-c®, 
w-rs. e i <±> *%&<D%mm£.ti>p 

©»j«*«*fl9t:^-rBI"fft4. Sfcs Bio 
PLOW >X«lJ(£*^-rHt fe 8 o 0 1 1 ife' 
VVC, a«jfc*3RPLffl«H*:iBi:ttBfS0®H/^-> 

.#E«*nt*o'» a«*¥*PL©«tfficttjfcttts 

fittTC^xAW (8 2«3fl0 tfEB^ftT^So d 
T*&»"*x>\WttlMM&**PL©ailAXfcMfc 

-yws±fc«j#sivt'v>-5. 
[0 0 3 7} St. u*-£;i/R©±;eifc:tiu' U^^;i/R 

So RHW****I SOWWCtt, i«g(365n 
m) ©3t*ttl&-r'57kffi7>7'©«t^«:*©tfEe^Jx 

;UR*R8Wbv a»***P'LOItffi«'(MP»t) AS 

So hs^^s i si±, u^*;i/R£>r- 

7-MB^©4.i:T-19-^Wrs. ^Lt\ S&ft^mP 
L£ot >K ^-7-^£ftfeb7-7;i/R©;<*->& 
#<7x^W_tfcg# (C^) ?UT, 

-r is* ft«fc^xyM4 % _a*-r5is*«T*»e>a* 

MHJiiOigVigT^x^rn-fe^tfftT-rs. *L 
t, Ox^Xn-feXjMJyf 5i:» KMOlfiAxSiZ 

m (lsi«) vwimztiZo ttjs y w±ttt> jg&g 
jfc^B4fflv>fe.^x;v7 , a-fe^-r-©7* h y v ? ? 7 4 

B 4 '^Vfe 7 * HJ V ^ 5 7 4 IS fc «fc oT * 

(CCDS) fcatg-fS ' 

[0 0 3 8] JMB*£JRPLCtt* S#t5f^ 

r*#jSUWI**liEt4fc»©ll2jl6*»*fV 4 , *>£ 

wa*-r43^jRH*»iE-r5'fc»©|B3*'^aav c 

tftStt^ttt^S. I1*¥MV„ *2*^«»V 


6 < |. a 2 I (15) 
5. 

0< I a2 I gO. 6 (16) 

•So fc*>\ bT<£fflRjf6fcb>Xto^T 

lix &$-rso 

[ 0 0 3 i 9 ]. 0 2 £#JB 1 5 i:, P L it. S£ 

l%#hbT©i^7;uRfflfrt>Jl£, jE©JB*r**W 
■fiBl b>XPG, g©JB*f*4Wrs^2 l/> 
XPG 2 i:> iE©a*f^4^f S^3.U>XgfG 3 
ft©JB*f***f4!B4b>X»G4fcs IE©JB#r;b£ 
Xrf£Sg5l^>XPG 5 ^ jE©JE#r*£«-fSffl6 U 

Wfcffl Cu*-*;i/R«) *«tvftfll («>x;\w«) t*> 

•5. 

[oo4o].m'v>x»G,tt, & 

fflCIH]ffi£ftl7fcll*x7v*7l/>XL n fcv tlttflJfc: 

* (Si w- h. 2 «c © is a y > x l 13 £ «t if l 14 1 s> « j$ £ 
tzmmyyxha (mt>>x)t. s«ft«KisB$ 

at © c eb £ a ©b*t^ * * r s f > xm 

si (111/>X) i:. ^fl)t^V^ffl$©ffl*|Sll^fei^IHI 
V>XLj2 (^2V>X) «#fllC:3tt^a*©M« 
[SlltfciSlHI^>XL l0 (!g3 1/>X) h*?,«J5g^oXT 

OSo 

[0 04 1] ».3l/>X»G 3 tt; 4Bflc«»6«iZ % •* 
B C8^ft*Oifit IS] It 2 t!c©iE^ x* * * v >X L 

ntojxrlaits mauyxL^t. y>#m\z&^&i& 
<Dmifmtzffi{h\s>XL M }i, «5fMtifc§£^tt*©iB 

So S4 1/>X».G,I4. B<fi)CD3iB 
4|fi](tt 2fe©^^x^*^u>XL 41 *5«tlf L 4Z i:. 

y>XL M t, ®fcW£ihm*fatttzm*=.zi3xi<> 

XL< 5 t, mfrWtWWZfatttzffiWy^sXLHtfrt 
#JJ&£ tlT^S. 

[0 0 4 2] %5 V>XPG 5 tts »(t«*6JBfc:x £ 
BfciSffi*ftf7fc2ttfflffiflb>XL SI '*J;VL B i:v 

U>XLs«i:\.«!i«:ffliJCJ:>)^0*©ii4lRlltfcili!S 
i/>XL K i:,-«iflt«C«t»)^itt*ffliB*lRU*fcJBtt 
©2fe©E^x7*7U>XL 56 ^«tO t L S7 i:, {fefllic 
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C3 m £ fa ( * fe A ^ - * * * k > X L sa i: A 1 h ffi J$, £ 4x X 
Vv3„ g§ 6 U->Xf*G 6 Ji, ^frfflA^lllC, tlttflt 

IHl®*|S]ftfciSlHlU'>XL 62 i:A^^^nTV>?>. £ 
fc* IE^-^*^l'>XL45i:t^lHlU>XL46i:OP^t 

[0 0 4 3 ] *©SI ( 1 ) #fWJC:fctt£fe&:#; 
^^PLfflM7C©tt4^lfSo St (1) t^V^T, 
©m^li^ttfl] (l>?-*;m«) *>e>©&i->Xffi©Ji 

r(i&l/>Xffl©tt^g^ dfcfc&U>XMH . 
PI£, n(iS^iftfiA = 3 6 5 nmC#-r£fi#f*£^ 


do : 

= 94.97oo( 



= 1/5 


N A 

= 0.57 


B f 

no pnfir 4 

= 22.68864 


L 

= llOO 



r 

d 

1 

. 758.59372 

-to A 4 nco 

18.01962 

2 

n r» o Arri Aft 

273.07409 

O AAAAA 

8.00000 

3 

407.25600 

n i i AAA/ 1 

34.43806 

4 

-305.98082 

A PAAAA 

0.50000 

5 

200.00000 

OC O 4 C 4 O 

36.31512 

6 

-950.89920 

■A CAAAA 

0.50000 

7 

.251.35670 

OC AAAAA 

36.00000 

8 

-1111.20100 

C AAAAA 
O.UUUUU 

9 

OAAA AAAAA 

-3000.00000 

1 0 AAAAA 
lO.UUUUU 

4 A 

10 

iaq coooc 
lOo.OOOZb 

iy.o4il4 

11 

COO 49701 
0o0.40f0l . 

91 Cfi9QQ 
61 . OVLOU 

1 0 

OAO 700C0 

0. 1 1010 

lo 

-OOa.U/OOU 

1 7 oonno 
lo. uuuuu 

1 A 

1*1 

1 1fl ^Q14fi 
110. 030*10 


1 ^ ' 

-11Q 9QQR4 

113. LOOCrt 

n ooooo 

lo. uuuuu 

1 R 

ID 

uuO , UOUUO 

35 35939 

1 7 

no. i uLoi 

15 61439 

18 

-2000 00000 

15 00000 

AW . WWW 

19 

-534 21970 

30.58806 

is w • www 

90 

£.U 

-179 Qfttfi7 

0 soooo 

u ■ uuuuu 

21 

-3045.95900 

30.55054 

22 

-252,31005 

0.50000 

23 

787.95642 

31.33960 

24 

-470.11486 

0.50000 

25 

429.05519 

31.10739 

26 

-1033.56100 

0.50000 

27 

276.54228 

29.82671 

28 

3383.80700 

0.50000 

29 

200.56082 

25.00000 

30 

149.82206 

51.17799 

31 

191.38232 

25.00000 

32 

122.34204 

25.15581 

33 

-276.65501 

13.00000 


ll/VXSfG, (DSibm&m (l/^;HHM) ©1/>X 

ffi s t- ©«&±s§st * > /? p l <D®Bism 

Bfli!f!6l/>XilG 6 ©S*>&ffig (^iaWW 
©U>XSipf>^ffi (-^i^WSi) £-C-©iHl±!£Sf^ 
NAfct&&:>fe^PL©&ffl (frxAWfil) (c^ttsia 

wffi) *T-©tt±s8fi-*fc*>^F^n*^H^na 

[0 0 4 4] 

ran 


n 

I. 66638 
1.53627 
1.53627 
1.53627 
1.66638 
1.53627 
1.53627 
1.53627 
1.53627 
1.53627 
1.53627 
1.53627 
1.53627 
1.53627 
1.53627 
1.53627 
1.66638 


34 

-597.90043 

9.14516 


35 

-190.18194 

13.00000 

1.66638 

36 

360.79756 

3.75310 


37 

434.45763 

13.00000 

1.53627 

38 

643.56408 

31.17056 


39 

-951.39487 

20.00000 

1.66638 

40 

360.75541 

3.46004 


41 

395.41239 

33.29191 

1.53627 

42 

-229.24043 

0.50000 


43 

405.02177 

21.76952 

1.53627 

44 

-1456.27300 

0.50000 


45 

334.62149 

34.87065 

1.53627 

46 

-316.02886 

8.19653 


47 

-226.66975 

20.00000 

1.66638 

48 

-421.19119 

0.50000 


49 

245.00959 

27.62592 

1.53627 

50 

-6478.64400 

0.50000 


51 

118.64887 

24.82664 

1.53627 

52 

182.84804 

0.50000 


53 

106.97354 

29.80517 

1.53627 

54 

305.86346 

2.86446 


55 

330.12685 

13.00000 

1.66638 

56 

65.69252 

7.67289 


57 

76.633.92 

29.80077 

1.53627 

58 

-405.45793 

2.41289 


59 

-314.04117 

20.42250 

1.53627 

60 

1180.34000 

(Bf) 



Cl)'f,/.L 

(2) f,/L 

(3) f,/L 

(4) f 4 /L 

(5) f s /L 

(6) f,/L 

(7) I/L 

(8) (r 2Ff -r 2tt ) / (r m +r m ) = 

(9) d 56 /L 

(10) d 6 /r 6F 

(11) fa/fa ' 

[00 45] ±ao««*^*PL*«j«-rsi<>xo 

Hf*©l/>Xt**S:M**iaiCO. l#m£ 
tt&fj£-t»-fci:#<D§tiRM©gftiS: (#{i :^m) 


= 0.129 
= -0. 0 3 0 
= . 0. 1 0 6 
= -0. 0 70 
= 0.080 
. = 0.143 
= 2. 020 
1.07 
= 0.007 
= 0.983 
= 0.635 

ttbiz&om. (2) c^f. 

[0 0 4 6] 
[S2] 


1/>X 




a 1 

a2 

L„ 

-2.15 

-1.12 

0.18 

-0.20 

-0.23 

L« 

0.41 

0.45 

-0.01 

-0.20 

-0.16 


1.59 

1.64 

-0.25 

-0.08 

-0.07 

La 

2.11 

8.27 

-1.25 

-0.89 

-0.87 

L31 

-2.0 

-9.0 

1.04 

-0.96 

-0.62 

L32 

-0.93 

0.21 

0.45 

-0.64 

-0.38 
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L 33 

-0.63 

8.79 

*-» Oft 

-0.83 

11.01 

i-J IS 

-1.44 

8.99 

(j iC 

0.22 

-36.12 


-0.64 

30.26 

1 J CO ' 
*** 0£ 

-0.04 

13.35 

1 J ci 

-0.28 

35.87 

L54 

0.31 

-38.33 

" 00 

0.21 

14.54 

L56 

1.05 

-1.03 

L58 

-2.18 

6.58 


[op4 7] m. (2) ®m%L*&m?it. sa^vx 

b>XL«, m{b\syxL iW j^fli/>XL 52 , wai/ 

55©?£©u?ftfrJo©i/>X£g3ft:£gi$*tV c i: 

P L f*g h n -7 iRM * ffi IE Wt- & 5 c t 

fc^s. ::t-> ^3^si5*tv c tLxmrn^mttz 

i±Mthm<D®®fi&®.a2vm (2) tc^-fisic&w 

it (1 6) *?8JSbT^5. 

[0 0 4 8] £fc> g^A^U>XL a ; E^-*. 
*^U>XL3is lE*-7>li7.l'>ZL& IE*-**) 
^ V>XL56*5«ttfft^-^*^ V >XL 58 0-5 •£©V^ 
-fftfr 1 OOV >X£|g 2 %&»tt V A i: UT^IllltS 


&1/>XE 

hp 

L n OAI*^ll/>Xffi 

66.8 

Lu©itmfflav>xffi 

64.4 

L 12 ©XtttlV>X® 

64.4 

Li 2 ©iti±ifyu>xffi 

62.9 

Li 3 CDA»«IL'>Xffi 

59.4 

L 13 ©itttiflyi/>xffl 

52.9 


[o 051] u±(om<. smiEtttt (v D , v c , v 

ifi. &®lE®tt (V., % V e , V A ) fc«fc 
S#B#£fflOSV?£;i'R©ttfc!)C> JRMIt-SllfflO# 

aK***©^^ b7*-*^ffiBs »«*^*©^X 
- * © /t* - > £ «?H«fiMSTf ttffl&M * ffl WT tf-n 


0.10 -0.30 -0.15 

0.02 0.01 0.08 

0.12 0.33 0.31 

-0.48 -0.53 -0.74 

0.10 -0.58 -0.27 

0.16 -0.10 -0.05 

0 0.17 0.39 

0.01 0.02 0.22 

0 0.49 0.50 
0.18 1.03 0.74 
1.0 1.25 0.61 

x\ %2%*®m k tLxm.m^ttzix^<o^\y> 

XCfcwc, XiWOMAAftRa l.£fcl*ltaj«S©<« 
«ft«Ra2#a (2) CSf Jt-S'CRffSC (15)1 

[004 9] flfl l/>XP*©©^x^*^lx 

>XL„> ffidb>XL l2 *5iVffiiaU>XL,3©-5*) 

fcSR**flt£»***'c:.fcfc* &>• »R**»P L 

*ie>©&b>XK*>VvC> ARflaRttARRalSfe 
tt»ffl«0«MBMRRa2#R ( 2) fcw1-J:$fcRfr 
£ (1 2) *»JEU B.ojS«|AitEho *«tIfflll^A 
StiShp #WT©S (3) £*-r«fc-5££ff=sS; (13) 
t'itf (1 4) £«§Jgl/TV>*. 

[0 0 5 0] 

[S3] 
ho flJ/4 

10.9 44.8 

12.0 45.1 

13.1 45.5 

15.7 46.0 

15.8 45.7 

16.9 44.8 

[0052] zlxs zom^m^mmmmmm^m 
a&^wt*. (v B » y c , v A ) 

£ (ifiEfiMftiSilSilD-^fctADs »R#¥* 

>#ffM£nfci^*;bR£i^*;i/*x-*RStf& 
$tife^xAW (is^SR) *Kjei/t» rw*** 

1 StTi/^^;i/R$ffl«t, >>x;\J:tclt.fi« 
***PLCJ;oTJ;5a*ftl/f*JW^->ifae 

[0 0 5 3]. wTc^sfflfiKii'-rn^ 

•UfciRH©i»RR4*qIRi:<ti. HfrWCttx 04£ 


jRSttMB©#*3Miu!t**©s#*aD ssita t« 
(v D , v c * v A .)_ ©iMii«*Jwa-r**iiE*jiffl«Bi 

4tftW\ *OHIE*Jlffl»*6«)*|jEfl|*Clt 

«ijE»*r.(V,» V c > V A )C»*LT« 
ttftftfcKxVjR^OMWW (DE, ~DE 3 ) * 

[0 0 5 4] d©BSx frx^af-^WSfflXY^fire 

5 & m £ * s * - 9 m t * fit * fc ■ » sp d u * mb u 
t, ^x^^-ywsoffiatftiwrsiwauRcs© 

3 0 £0*]E«liaj»Ctt» **BjE»W--(V d . V c > 
V A ) 'cD^KilfcftJRilffllCflSifcOBWfflfll** 1 ** 
H«**lT^«i **> ^xA^x-vWSIi.fgft)^ 
.D-U*^bT«l53te**PL©*liAX-i:iiSE-r*ffl . 
(XY¥E) rtT-&»^flX-fc£©&&<3-^ ffiftSPD 
U£J^Xft&:ft^mPL©*liAXti&o;fc£|q] (Z 
*(ql) C^ftRriBT-feS. *bt\ t7xnW±cDS*« 

<DB*«**£ltr**©lflt«**«*tB-rs*tB*A 

K&S^Xs- M»»CStfBIMBDU0aig***PL 
0 A X C i& -p tz 15 Ir) T- ©#'!&* ?: ftjfll 3" 5 CI £ JC «fc 
»K i^x^^x-^WSCDZ^lSlT-oeg^J^^n 

[0 0 5 5] JR*tt»B©£R©^-*iWBrt* 
^ * ;i/ T R ©^ * - >ffi*fti^m P L ©ttffiB C» 

»c*iHir4.;c©»; w»jRcstt»'«ijai*a* (a 

F t % AF Z ) Ctf»6ti*S**SD©«*BS6:*W-' 
5Z*lRl©eS^ai:>.ffittSI5DUrtg|5©x*fHcT^ 
£ft£g^gD©XY;SftT-©&§tti8£ac5^T> 
*x;S;*7 i -*WS©&g£ffl$bfc#*K g**RD 
*i©#«««Ml**Bit)atr. *bTs g##KD 

M\ JJM&#£*PL©^X.h7*-*X<aB (ft.*** 
£PL©&B) X'VtT. M/*-*;i/TR©#T— 

[0 0 5 6] £T\ f^bl/fi'^TR^tf fifl 
©rtS5©?iIESgtbg|5ttv *»IE»tf (V D> V c , V 


Ei ~DE 3 ) ^mtiLx, sftsuft (DE, ~DE 

(V„.V C , V A ) ©jfc»AXi:«SEUfc^|q|-e©» 
Ut*ii<tiiiMftJEt«c; SI**** PL 

JfM £ ftfc b * ^ R * b ^ * ^ X r- - 5> R S C i&S 1" 

fc^x^w (*jteffi*«)'*»surjiHfl3te*«isc 

Xlsf-tfrTLZmWTZt, >>x/\±tttv 
ft*. c©fc«)> Aff*S*»»9*/U : ^*»4c:i:# 
[o o 5 7] fc*>\ 6i±©«jisfln;te» 

ffctu x-f^b->>3> ' (SOURS) s 3ViRH*5<tir 

*A«M*BWn;iiEr4«i*^ufc#v - 

ft6©iR^©V^TftA > 1 o**|iErs*©TJ*oT* A 

> £ 3 VJRH it#^it2M i:© ^rftfr 1 ^^S* bt V^ 
ftlf, *©S#JRII4«iE-rsffliESi5»*IS:Wft«ao 

[0 0 5 8] #**»»C*V^'*»fc«*-r* 

b:^»b«#*jpJffl-rac:i:i(5T?§S... t^Jf b^T*. 
(i^ **»fiEfl*34l>*< h*3o©K^t=totl' 

•ft© 4ia biitr v i: Jc «t V >X4-^tcWC^ 

mthm^m^x v >x©sf&«i»*»jE£-r5 c: t *>x- 

[0 0 5 9] 

[»*] jji±sirabfe«t-5Cs *%mx\i.. mmmm* 
ftmm Lxm&nt¥%XL3 vjrh-^&jr 
a^.-f xk~s/ a if ©»***«»# ttts a* 
'***iy»«*ftfctt»Tj^ft&©»#jRa4itt«?iiiiE 
r s c: i:©x- 1 s zttfix-% 

mtciisttti^ft^^^^^bTiamjs^ft^g^^fi 1 

d^ii^T-^S. bfe^-^Tv *^B^©ft^gjt^fit 
J; t) v Affft***^^ X 5 C t AST- 1 5 o 

[0ffi©ffi**giw] 

[01] *»W©*lfi«CA»*>SISMeB%*«©«lfiR* 

[E2] Hi©a«}t**PL©u>x»ja*^ria"e 
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■ AS 

[14] ®KDnmmtim®mmmizfrfrz&&sjt w 

^so^^mnswt^i-HT-s.^. ws 

[ff^OlBE] v D 

is mwx^mm v A 

R V?-?)\> V c 


% i ^SSa- 
SI 2 5t¥gi5» 


[in 


PL- 



WS- 


[02] 


Lll 


L51 L53 L55 
L P L48 I L52 / L54 J L58/ L . 61 



G2M 


[031 


[04] 
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